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CHEMISTRY, PHYSICS. 


BOUSSINGAULT. RURAL ECONOMY; in its Relations with Chemistry, Physics, and 
Meteorology. By J. B. Boussingault, Member of the Institute of France, 2nd Edition, 
with Notes carefully revised and corrected, 1 vol. 8vo. cloth boards, 18s. London, 1849. 

CHAPMAN. A BRIEF DESCRIPTION of the CHARACTERS of MINERALS; forming 
a familiar Introduction to the Science of Mineralogy. By Edward J. Chapman, 1 vol. 
12mo. with 8 plates, 4s. London, 1844, 

PRACTICAL MINERALOGY ; or, @ Conipendium of the distinguishing Characters of 
Minerals: by which the Name of any Species or Variety in the Mineral Kingdom may be 
speedily ascertained. By Edward J, Chapman. 8vo, illustrated with 13 engravings, 
showing 270 specimens, 7s. London, 1843. 

DUMAS AND BOUSSINGAULT. THE CHEMICAL and PHYSIOLOGICAL 
BALANCE of ORGANIC NATURE: an Essay. By J. Dumas and J.B. Boussingault, 
Members of the Institute of France. 1 vol. 12mo. 4s, London, 1844. 

GRAHAM. ELEMENTS of CHEMISTRY; including the Application of the Science in 
the Arts. By T. Graham, F.R.S, L. & E.; Professor of Chemistry at University College, 
London, 2nd Edition, entirely revised and greatly enlarged. London, 1848. 


*,* Part 6 and last of Ist Edition, containing Organic Chemistry, 8vo. 9s. 


HUMBOLDT. KOSMOS. a General Survey of the Physical Phenomena of the Universe. 
By Baron A. Humboldt, ‘The original English Edition, Vol. 1, post 8vo. 10s London, 
1845 


*,* Vol. 2, is now Publishing in monthly Parts. Complete, Post 8vo. cloth. 1848. 10s. 


KAMTZ. A COMPLETE COURSE of METEOROLOGY, By Kemtz, Professor of 
Physics at the University of Halle, With Notes by Ch. Martins, and an Appendix by 
L, Lalanne. Trauslated, with Additions, by C. V. Walker, Editor of ‘“*The Electrical 

. . Magazine.” 1 vol. post 8vo. pp. 624, with 15 plates, cloth boards, 12s. 6d. 1845. 
KNAPP. CHEMICAL TECHNOLOGY or CHEMISTRY, applied to the Arts and to Manu- 
_ factures. By F Knapp, Professor at the University of Giessen. Edited with numerous 
Additions, by Dr. E. Ronaups, Lecturer on.Chemistry at the Middlesex Hospital; and 
Dr. THoMAS RicHARDSON of Newcastle-on-Tyne. Vol. I. 8vo. illustrated with 212 large 

wood.cuts. London, 1848. Vol. II. In the Press. 


LIEBIG. CHEMISTRY and PHYSICS, in relation to Physiology and Pathology. By 
Baron Justus Liebig, Professor of Chemistry at the University of Giessen. 2nd Edition, 
‘8vo. 8s. London, 1847, 

MITCHELL, J. MANUAL OF PRACTICAL ASSAYING, intended for the use of 
Metallurgists, Captains of Mines, and Assayers in General. With a copious Table, 
for the purpose of ascertaining in Assays of Gold and Silver the precise amount, in 
Ounces, Pennyweights, and Grains, of noble Metal contained in one ton of Ore from 
a given quantity. 1 vol. post 8vo. London, 1846. 10s. 6d.. 

MULLER. PRINCIPLES of PHYSICS and METEOROLOGY, By J. Muller, M.D. 
Illustrated with 530 wocdcuts, and 2 coloured plates, 18s. London, 1847. 


QUEKETT, J. PRACTICAL TREATISE on the USE of the MICROSCOPE, | Illus- 
trated with steel and wood engravings, 8vo. London, 1848. In the Press. 


RICHARDSON. GEOLOGY for BEGINNERS; comprising a Familiar Exposition of 
' the Elements of Geology and its qssociate Sciences, Mineralogy, Fossil Conchology, 
Fossil Botany, and Paleontology. By G. F. Richardson, F.G.S. 2nd Edition, post 8vo. 
with 251 woodcuts, 10s. 6d. 1843. $ 
STARS AND THE EARTH. THE STARS and the EARTH; or, Thoughts upon 
Space, Time, and Eternity. 3rd Edition, Seventh thousand, 18mo, ls. London, 1847. 

— ——— RPart II, 1847. ls. 

THOMSON. CHEMISTRY of ORGANIC BODIES—VEGETABLES, By Thomas Thom- 
son, M.D. F.R.S. L, & E.; Regius Professor of Chemistry in the University of Glasgow, 
Corresponding Member of the Royal Academy of Paris. 1 large vol. 8vo. pp. 1092, boards, 
24s. London, 1838. j 

HEAT and ELECTRICITY. 2nd Edition, ] vol. 8vo. illustrated with woodcuts, lds. 
London, 1889, 
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THOMSON. BRITISH ANNUAL and EPITOME of the PROGRESS of SCIENCE. 
By R.D. Thomson, Assistant Professor in the University of Glasgow, 3 vols. 18mo. cloth 
boards, lettered, 3s 6d each. 


First Year, 1837. 
Contains numerous Practical Tables of Weights, Measures, and woins. The Popular 


Papers are by the Rev. B,. Powell; C. Tomlinson, Esq.; W.S.B. Woolhouse, Esq.; T. S. 
Davies, Esq, R. D. Thomson, M.D. 


Second Year, 1838. 
The Popular Papers are by T. Thomson, M.D. Regius Professor of Chemistry in the 
University of Glasgow; R. E. Grant, M.D., Professor of Comparative Anatomy in the 


University College, London; R. D. Thomson, M.D.; Life of James Watt, illustrated with 
a Portrait; H. H. Lewis, Esq. 


Third Year, 1839. 
The Popular aid are by J. S. Russell, Esq.; Professor R. E. Grant; H, Garnier, Esq. 5 
R. D. Thomson, M.D 
WEISBACH, J. PRINCIPLES of the MECHANICS of MACHINERY & ENGINEER- 
ING. 8vo. Vol. I. illustrated with 530 wood engravings. London, 1847, 
Vol. IIl.-In the Press. 


ANATOMY, MEDICINE, SURGERY, AND NATURAL 
HISTORY. 


CAMPBELL, J. S. OBSERVATIONS on TUBERCULOUS CONSUMPTION; con- 
taining New Views on the Nature, Pathology, and Cure of that Disease: being an attempt 
to found its Treatment on Rational Principles. 8vo. with 2 coloured plates, lds. \Lon- 
don, 1843. " 


COURTENAY. PATHOLOGY and RATIONAL TREATMENT of STRICTURE of the 
URETHRA in all its Varieties and Complications, with observations on the Use and 
Abuse of Urethral Instruments. The whole illustrated by numerous Cases. By F. B, 
CourRTENAY, M.R.C.S., &c. 4th Edition. 8vo. 5s. London, 1848. 


PRACTICAL OBSERVATIONS on the CHRONIC ENLARGEMENT of the PROSTATE 
GLAND in OLD PEOPLE: with Mode of Treatment. By Francis B. Courtenay, 8vo. 
with numerous cases and plates, boards, 7s. 6d. London, 1839. 


CRUVEILHIER AND BONAMY. ATLAS of the DESCRIPTIVE ANATOMY of — 
the HUMAN BODY, By J, Cruveilhier, Professor of Anatomy to the Faculty of Medicine 
Paris. With Explanation by C. Bonamy. Containing 82 plates of Osteology, Syn- 
demology, and Myology. 4to. Plain, 3/.; coloured, 51. Lbs. London, 1844. 


GERBER AND GULLIVER. ELEMENTS of the GENERAL and MINUTE 
TOMY of MAN and the MAMMALIA; chiefly after Original Researches. By Professor 
Gerber. To which is added an Appendix, comprising Researches on the Anatomy of the 
Blood, Chyle, Lymph, Thymous Fuid, Tubercle, and Additions, by C. Gulliver, F.RS. 
In 1 vol. 8vo. Text, and an Atlas of 34 plates, engraved by L. Aldous. 2 vols. gad cloth: 
boards, 1d. 4s. 1842. 


GRANT. GENERAL VIEW of the DISTRIBUTION of EXTINCT ANIMALS. By 
Robert E. Grant, M.D. F.R.S. L. & E.; Professor of Comparative Anatomy at the Uni- 
versity College, London. In the “ British Annual,’”? 18389. 18mo. 3s. 6d. London, 1839. 


ON the PRINCIPLES of CLASSIFICATION, as applied to the Primary Divisions of the 
Animal Kingdom, In the “ British Annual, % 1838. 18mo. illustrated with 28 woodcuts, 
3s. 6d, London, 1838, 


OUTLINES of COMPARATIVE ANATOMY. 8vo. illustrated with 148 woodcuts, boards, 
lz, 8s. London, 1835—41. 


*,* Part VII, with Title-page, ls. 6d. 


HALL, MARSHALL. ON the DISEASES and DERANGEMENTS of the NERVOUS 
SYSTEM, in their Primary Forms, and in their Modifications by Age, Sex, Constitution, 
Hereditary Predisposition, Excesses, General Disorder and Organic Disease. By Marshall 
Ball, M.D. F.R.S. L. & E, 8vo. with 8 engraved plates, 15s. London, 1841. 


*,* As an Appendix to the above Work,— 


ON the MUTUAL RELATIONS BETWEEN ANATOMY, PHYSIOLOGY, PATHO- 
LOGY, THERAPEUTICS, and the PRACTICE of MEDICINE; being the Gulstonian 
Lectures for 1842. 8yo. with 2 coloured plates and 1 plain, 5s. London, 1842, 


NEW MEMOIR on the NERVOUS SYSTEM, TRUE SPINAL MARROW, and its 
ANATOMY, PHYSIOLOGY, PATHOLOGY, and THERAPEUTICS. 4to. with 5 
engraved plates, 1?. London, 1843, 
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BYE SLAND, MANUAL of the PRACTICE of MEDICINE; the Result of Fifty Years’ 

xperience. By Ww. C. Hufeland, Physician to the late King of Prussia; Professor in the 
University of Berlin. Translated from the Sixth German Edition, by C. Bruchhausen and 
R. Nelson. 8vo. bound, lds. London, 1844, 


LAENNEC. A TREATISE on the MEDIATE AUSCULTATION, and on DISEASES of 
the LUNGS and HEART. By R.T. H. Laennec, Professor to the College of France, 
and to the Faculty of Medicine of Paris. With Notes and Additions by M. Laennec, and 
M. Andral, Professors to the Faculty of Medicine, Paris. Translated from the last edition 
by a Member of the College of Physicians. Edited by Theophilus Herbert, M.D. 3 with 
Practical Notes, condensed from the Lectures of F. H. Ramadge, M.D., Oxen. 8vo. with 
plates, 18s. London, 1846. 


LEBAUDY. THE ANATOMY of the REGIONS interested in the SURGICAL OPERA- 
TIONS performed upon the HUMAN BODY; with Occasional Views of the Pathological 
Conditions, which render the interference of the Surgeon necessary. Ina Series of 24 
plates, the Size of Life, By J. Lebaudy. Folio, 1/ 4s. London, 1845. 


LEE. THE ANATOMY of the NERVES of the UTERUS. By Robert Lee, M.D. F.R.S. 
Folio, with 2 engraved plates, 8s. London, 1841. 


MADDOCK. PRACTICAL OBSERVATIONS on the EFFICACY of MEDICATED 
INHALATIONS in the TREATMENT of PULMONARY CONSUMPTION. By 
Dr. Maddock. 3rd Edition, 8vo with a coloured plate, 5s 6d. Londen, 1846, 


CASES of PULMONARY CONSUMPTION, BRONCHITIS, ASTHMA, CHRONIC 
COUGH, and various diseases of the Lungs, successfully treated by Medicated 
Tnhalations, 8vo. London, 1847. 2s, 


; MARTIN. A GENERAL INTRODUCTION to the NATURAL HISTORY of MAM- 
MIFEROUS ANIMALS: with a particular View of the Physical History of Man, and 
the more closely allied Genera of the Order “ Quadrumana,’' or Monkeys. Illustrated 
with 296 Anatomical, Osteological, and otherengravings on wood, and 12 full-plate 
Representations of Animals, drawn by W. Harvey. 1 vol. 8vo. 16s. London, 1841. - - 


OWEN. ODONTOGRAPHY;; or, a Treatise on the Comparative Anatomy of the Teeth 
their Physiological Relations, Mode of Development, and Microscopical Structure in the 
Vertebrate Animals. By Richard Owen, F.R.S. Correspondent of the Royal Academy of 
Sciences, Paris and Berlin; Hunterian Professor to the Royal College of Surgeons, 
London. This splendid Work is now completed, 2 vols. royal 8vo. containing 168 plates, 
half- bound russia, 6/ 6s. London, 1840-45. 

A few copies of the plates have been printed on India paper, 2 vols. 4to. 107. 10s. 


PHILLIPS. SCROFULA: its Nature, its Prevalence, its Causes, and the Principles of 
Treatment, By Benjamin Phillips, F.R.S. Surgeon and Lecturer on Surgery to the 
Westminster Hospital. 1 vol. 8vo with an engraved plate, 12s. London, 1846. 


__ “ This is one of the few books which may be said to be after the critic’s own heart. It 
is a book that was wanted; the object of it is excellent, it has been carefully planned; the 
investigations required by the plan have been conducted with the utmost energy, industry 
and carefulness, in a sufficiently extensive field and over a sufficiently long period of time ; 
the immense mass of materials thus obtained has been examined aud weighed with the 
greatest attention and impartiality; the inferences and results have been honestly and 
cautiousiy deduced and elaborated, and condensed into the smallest possible space con- 
sistent with perspicuity; while the whole style and manner of the composition is such as 
ought to characterise the production of a well-educated, a learned, and an experienced 
surgeon.”’—British and Foreign Medical Review. 


PRICHARD. THE NATURAL HISTORY of MAN; comprising Inquiries into the Modi- 
fying Influence of Physical and Moral Agencies on the different Tribes of the Human 
Family. By James Cowles Prichard, M.D. F.R.S. M.R.I.A. Corresponding Member of 

_ the National Institute, of the Royal Acadeiny of Medicine, and of the Statistical Society of 
France; Member of the American Philosophical Society, &c. &c. 2nd Edition, enlarged, 
with 44 coloured and 5 plain illustrations, engraved on steel, and 97 engravings on wood, 
royal 8vo. elegantly bound in cloth. 38ls. 6d. 


APPENDIX to the FIRST EDITION of the NATURAL HISTORY of MAN. Large 
8vo. with 6 coloured plates, 3s. 6d. London, 1840. 


SIX ETHNOGRAPHICAL MAPS, as a Supplement to the Natural History of Man, 
and to the Researches into the Physical History of Mankind. Folio, coloured, and 1 
sheet of letter-press, 21s; bound in cloth boards, 24s, London, 1840. 


ILLUSTRATIONS to the RESEARCHES into the PHYSICAL HISTORY of MAN- 
KIND. Atlas of 44 coloured and 5 plain plates, engraved on steel, large 8vo. half- 
bound. 18s. London, 1841. 


ON the DIFFERENT FORMS of INSANITY, in relation to Jurisprudence. (Dedicated 
to the Lord Chancellor of England.) 12mo. 5s. London, 1842. 


RAYER. A THEORETICAL and PRACTICAL TREATISE on the DISEASES of the 
SKIN. By P. Rayer, M.D, Physician to the Hépital de la Charité. Translated by R. 
Willis, M.D, 2nd Edition, remodeiled and much enlarged, in 1 thick vol, 8vo. of 1800 
pages, with atlas, royal 4to. of 26 plates, finely engraved, and coloured with the greatest 
care, exhibiting 400 Varieties of Cutaneous Affections, 4/. 8s; the text separately, 5vo. in 

“boards, 1/. 8s; the atlas 4to. separately, in boards, 3/. 10s. London, 1830 
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RYAN. THE PHILOSOPHY of MARRIAGE, in its Social, Moral, and Physical Relations; 
with an Account of the Diseases of the Genito-Urinary Organs, with the Physiology of 
Generation in the Vegetable and Animal Kingdoms. By M. Ryan, M.D. 4th edition, 
greatly improved, 1 vol. 12mo. 6s. London, 1843. 


SHUCKARD. ESSAY on the INDIGENOUS FOSSORIAL HYMENOPTERA; com- 
prising a Description of the British Species of Burrowing Sand Wasps contained in 
all the Metropolitan Collections; with their habits as far as they have been observed, 8vo. 
with 4 plates, London, 1837. 10s. 

Plate I. is wanting. 


SYME. PRINCIPLES of SURGERY. By J. Syme, Professor of Clinical Surgery in the 
University of Edinburgh. 38rd edition, much enlarged, and illustrated with 14 plates on 
India paper, and 64 woodcuts. 1 vol. 8vo. 21s. London, 1842. 


VCGEL AND DAY. THE PATHOLOGICAL ANATOMY of the HUMAN BODY. 
By Julius Vogel, M,D. Translated from the German, with additions, by George E. 
Day, M.D. Illustrated with upwards of 100 plain and coloured engravings, 8vo. cloth, - 
18s. London, 1847, 


WARDROP. ON BLOOD-LETTING; an Account of the Curative Effects of the Abstrac- 
tion of Blood; with Rules for employing both local and general Blood-Letting in the — 
treatment of Diseases. 12mo. 4s. London, 18395. 


WATEREOUSE. A NATURAL HISTORY of the MAMMALIA. ByG. R. Waterhouse, 
Esq., of the British Museum. Vol. I, containing the Order Marsupiata, or Pouched 
Animals, with 22 Illustrations, engraved on steel, and 18 engravings on wood, royal 8vo. 
elegantly bound in cloth, coloured plates, 34s. 6d.; plain, 29s. 


Vol II. Parts 1 to 10 are out. 


The Natural History of Mammalia is intended to embrace an account of the structure 
and habits of all the known species of Quadrupeds, or Mammals; to which will be added, 
observations upon their geographical distribution and classificution. Since the fossil and 
recent species illustrate each other, it is also intended to include notices of the leading 
characters of the extinct species. 

The Genera, and many of the species will be illustrated by engravings on steel, and by 
woodcuts. Of the latter, between fifteen and sixteen hundred figures are executed. The 
modifications observable in the structure of the skulls, teeth, feet, and other paris, will be 
almost entirely illustrated hy steel engravings. 


*,* The work will continue to be published in monthly parts, 20 are out; coloured, 3s. 
Plain, 2s, 6d. each. 


WILLIAMS. ELEMENTS of MEDICINE: Morbid Poisons. By Robert Williams, MD,, © 
Physician to St. Thomas’s Hospital. 2 vols. 8vo 1/.8s.6d- London, 1836—4l. 


*,* Vol. Il. separately, 18s. 1841. 


WILLIS. ILLUSTRATIONS of CUTANEOUS DISEASE: a Series of Delineations of — 
the Affections of the Skin, in their more interesting and frequent forms: with a Practical 
Summary of their Symptoms, Diagnosis, and Treatment, including appropriate Formule. 
By Robert Willis, M.D. Member of the Royal College of Physicians. The Drawings are 
after Nature, and Lithographed by Arch. Henning. These Illustrations are comprised in 
94 Plates, folio. ‘The Drawings are Originals, carefully coloured. Bound in cloth, 
lettered, 6/. London, 1842. 


ON the TREATMENT of STONE in the BLADDER, by Medical and Mechanical Means. 
8vo. 5s. London, 1843, 


BOTANY. 


BABINGTON. PRIMITIZ® FLORA SARNICZ; or an Outline of the Flora of the 
Channel Islands of Jersey, Guernsey, Alderney, and Serk. 12mo. 4s. London, 1839. 


FIELDING AND GARDNER. SERTUM PLANTARUM; or, Drawings and Des- 
criptions of Rare and Undescribed Plants from the Author’s Herbari,um By H. B 
Fielding; assisted by G. Gardner, Superintendent of the Royal Botanic Gardens, Ceylon. 
Syo. ll. ls. London, 1844. 


HOOKER. ICONES PLANTARUM. By Sir W. J. Hooker, Director of the Royal Botanic 
Gardens, Kew. New Series, Vols. I—III, containing each 100 plates with explanations. 
8vo. cloth, each vol. 1/. 8s. London, 1842—44, 
*,* Vol. 4. Part 1. 14s. London, 1845. : 
THE LONDON JOURNAL of BOTANY. Vols. 1—6, with 24 plates each, boards, eac 
vol. 12, 10s, 1842—47, i 
*,* Also published monthly, with 2 plates. Price 2s. 6d. 
NOTES on the BOTANY of the ANTARCTIC VOYAGE, conducted by CAPT. JAMES . 
CLARK ROSS, R.N. F.R.S, in H.M.SS. Erebus and Terror ;. with Observations on the 
Tussac Grass of the Falkland Islands. 8vo, with 2 coloured plates, 4s. London, 1843. 
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MIERS (J.) ILLUSTRATIONS OF SOUTH AMERICAN PLANTS. 4to. with 16 plates 
London, 1847. 14s. 


WIGHT. ILLUSTRATIONS of INDIAN BOTANY; or Figures Illustrative of each of the 
Natural Orders of Indian Plants, described in the Author’s Prodromus Florze Peninsulze 
Indiz Orientalis; but not confined to them. By Dr. R. Wight, F.L.S. Surgeon to the 
Madras Establishment. Vol. 1, published in 13 parts, containing 95 coloured plates, 
4l. 17s. 6d. Madras, 18388—40. 

Vol. 2, Part 1, containing 39 coloured plates, 11. 5s. Madras, 1841. 


*,* Odd Parts can be obtained to complete sets. 


ICONES PLANTARUM INDIZ ORIENTALIS; or Figures of Indian Plants. By Dr, 
Robert Wight, F.L.S. Surgeon to the Madras Establishment. Vol. 1, 4to. consisting of 
16 Parts, containing together 318 plates. 4/. Madras, 1838—40. 

Vol 2, consisting of 4 Parts, containing together 318 plates, 5/. 5s, Madras, 1840—42, 
Vol. 3, Parts 1 to 4, with 509 plates, 6/. Madras, 1843—47, 


*,* Odd Parts may be obtained to complete sets. 


CONTRIBUTIONS to the BOTANY of INDIA. By Dr. Robert Wight, F.L.S. Surgeon 
to the Madras Establishment. 8vo. 7s. 6d. London. 1834. 


SPICILEGIUM NEILGHERRENSE; or, a Selection of Neilgherry Plants, Drawn and 
Coloured from Nature, with Brief Descriptions of each; some General Remarks on the 
Geography and Affinities of Natural Families of Plants, and Occasional Notices of their’ 
Economical Properties and Uses. By Dr. Robert Wight, F.L.S. Surgeon to the Madras 
Establishment. 4to. with 100 coloured plates, 3/.5s. Madras, 1846. 


PRODROMUS FLORZE PENINSULH INDIA ORIENTALIS; containing Abridged 
Descriptions of the Plants found in the Peninsula of British India, arranged according to 
cs bsag mit hohe: By Drs. Robert Wight, F.L.S., and Walker-Arnott. Vol. 1, 8vo. 16s. 

ondon, 1834, 


EZIOMCEOPATHIC. 


BELLUOMINI (J., M.D.) SCARLATINA; its Treatment Homeopathically. 8va, ls 
London, 1843, 


BCOENNINGHAUSEN. MANUAL of HOMC@OPATHIC THERAPEUTIC intended as © 
a Guide to the Study of MATERIA MEDICA PURA. Translated, with Additions, by S. 
Laurie, M.D. 8vo. 1848. 12s. 


BLACK. THE HOMGOPATHIC TREATMENT OF CHOLERA. 8vo. 1847. Is. 
A TREATISE ON THE PRINCIPLES OF HOM@OPATHY. 8vo. London, 1842. 9s. 


CHEPMELL. A DOMESTIC HOMOPATRY, Restricted to its Legitimate Sphere of 
Practice; together with Rules for Diet and Regimen. 18mo. London, 1848. 4s. 6d. 


CURIE (P. F., M.D.) PRACTICE of HOMG@OPATHY. 1 vol. 8vo. 6s. London, 1838. 
PRINCIPLES of HOM@OPATHY. 1 vol. 8vo. 5s. London, 1837. 
JAHR’S HOMGOPATHY. New Edition, 2 vols. 12mo. 32s. London, 1847. 
*,* See JAUR. 


DUNSFORD (HARRIS.) THE PATHOGENETIC EFFECTS of SOME of the PRIN- 
CIPAL HOMG@OPATHIC REMEDIES. 8vo. 9s. London, 1888. 
THE PRACTICAL ADVANTAGES of HOM@OPATHY, illustrated by numerous Cases 
Dedicated, by permission, to Her Majesty Queen Adelaide. 1 vol. 8vo, 8s. boards. 1841. 


EPPS. DOMESTIC HOMGOPATHY; or, Rules for the Domestic Treatment of the Mala- 
dies of Infants, Children, and Adults, and for the Conduct and Treatment during Preg- 
nancy, Confinement, and Suckling. 4th Edition, 12mo. 4s. 6d. London, 1844, 


EVEREST (T. R.) A POPULAR VIEW of HOMGOPATHY; exhibiting the Present 

State of the Science. 2nd Edition, amended and much enlarged. 8vo, 6s. London, 1836. 

A LETTER addressed to the Medical Practitioners of Great Britain on the Subject of 
Homeopathy. 8vo. ls.6d. London, 18384. 


GUNTHER. NEW MANUAL of HOMGOPATHIC VETERINARY MEDICINE; or, 
the Homeopathic Treatment of the Horse, the Ox, the Dog, and other Domestic Animals, 
Translated from the 3rd German Edition, with considerable Additions and Improvements. 
Post 8vo. 10s. 6d. cloth. London, 1347, 

JAHR. MANUAL of HOMGOPATHIC MEDICINE. In 2 Parts. Part I.—MATERIA 
Mepica. Part I].—THeRAPEUTICAL and SyMPTOMATOLOGICAL REPOSITORY. Trans- 
lated trom the 4th Edition, and Edited, with Additions, by P. F. Curie. M.D, 2 vols. 8vo. 
12. 12s. London, 1847. ; 

; The most complete Work on the subject. 
SHORT ELEMENTARY TREATISE upon HOM@OPATHY and its PRACTICE; with 
some of the most important Effects of Ten of the Principal Homeopathic Remedies. 

Translated by E. Bayard, M.D, 18mo. 2s.6d¢, London, 1846. 


NEW HOMGOPATHIC PHARMACOPGIA and POSOLOGY; or, The Preparation of 
Homeopathic Medicines, and the Administration of Doses. Translated, with Additions, 
by James Kitchen, M.D, 8vo. 12s, Philadelphia, 1842. 
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HAHNEMANN. MATERIA MEDICA PURA. Translated and Edited by Charles J. 
Hempel, M.D. Vols. I to 4, 8vo. 8s. each. New York, 1846. 

ORS OR OF HOMGOPATHIC MEDICINE, 2nd Edition. 8vo. 10s. 6d. New York, 
343. 

THE CHRONIC DISEASES, their Specific Nature and Homeopathic Treatment. Trans- 
lated and Edited by Charles J. Hempel, M.D. 5 vols, 12mo. 2/. New York, 1846. 

HAMILTON. A GUIDE TO THE PRACTICE OF HOM@OPATHY. Translated and 
compiled, in alphabetical order, from the German of Ruoff, Haas, and Riickert, with 
Additions. 12mo. 5s. Leipzig, 1844, 

HARRAL (FP. BLAGDON). POPULAR OUTLINES OF HOM@OPATHY. 24mo. 
ls. London, 1840. 

HARTMANN (F.) SPECIAL THERAPEUTICS; or, the Homceopathic Treatment of 
the Acute and Chronic Diseases. Translated from the 8rd German Edition. 2 vols. 8vo. 
London, 1847. 

PRACTICAL OBSERVATIONS on SOME of the CHIEF HOM@OPATHIC REME- 
DIES. Translated from the German, with Notes, by Dr. Okie. 2 vols. 12mo. 10s. New 
York. 1846. 


TAOS Ls AN ADDRESS on the HOMG@OPATHIC SYSTEM of MEDICINE. 8vo. ls- 


HERING (of Philadelphia) THE HOM@OPATHIST; or, Domestie Physician. 2nd 
Edition. 12mo. 7s. London, 1845. 


HOMC:iOPATHY EXAMINER (THE), By Drs. Gray and Hempel. New series (second 
year), subscription per annum, 30s. New York, 1846. 

LAURIE (M.D.) HOMGOPATHIC DOMESTIC MEDICINE. 4th Edition, 12mo. 12s. 
London, 1847. 

ELEMENTS OF HOM@OPATHIC PRACTICE OF PHYSIC. 8vo. 1847. 16s. 

NEWMAN, GEORGE. HOM@OPATHIC FAMILY ASSISTANT. Second Edit. 1847. 5s. 

A CONCISE EXPOSITION OF HOMGOPATHY; its Principles and Practice with an 
Appendix. ls. 6d. 

ROSENSTEIN (J.G.) THE COMPARATIVE MERITS OF ALL@OPATHSHY;; the old 
Medical Practice, and Homeopathy, the reformed Medical Practice; practically illus- 
trated 8vo. 8s. Montreal. 1846. 


RUOFFP. REPERTORY OF HOM@OPATHIC MEDICINE, Nosologically arranged. 
Translated from the German by A. H. Okie, with additions and improvements by G. 
Humphrey, M.D. 12mo.7s. New York, 1843. 


a ies To ang (M.D.) PRACTICAL VIEW of HOMG@OPATHY. 8vo. 10s. 6d. London 


WHITHFIELD. HOMGOPATHY the TRUE ART of HEALING. 18mo. 64. 
Brighton, 1845. 


MESMERISM. 


DAVIS. THE PRINCIPLES OF NATURE, her Divine Revelations and Voice to Mankind. 
2 vols. 8vo. London, 1847. 18s. 


EARLY MAGNETISM, in its HIGHER RELATIONS to HUMANITY; as veiled 
in the Poets and the Prophets. By O9BYOS MACOS. 8vo. cloth. 5s. London, 1846. 


ELLIOTSON. THE HARVEIAN ORATION, delivered before the Royal College of Phy- 
sicians, London, June 27, 1846. By John Elliotson, M.D. Cantab. F.R.S.; Fellow of the 
College. 8vo. with an English Version and Notes, 2s. London, 1846. 

NUMEROUS CASES of SURGICAL OPERATIONS WITHOUT PAIN in the MES- 
MERIC STATE; with Remarks upon the Opposition of many Members of the Royal 
Medical and Chirurgical Society, and others, to the ly Bok ay of the inestimable blessings 
of Mesmerism. By John Eljiotson, M.D. Cantab. F.R.S. 8vo. 2s. 6d. London, 1343, 

A FINE PORTRAIT ‘of, Engraved on stone, 4s. 6d. London, 1844, 


ENGLEDUE. CEREBRAL PHYSIOLOGY and MATERIALISM; with the Result of the 
Application of Animal Magnetism to the Cerebral Organs. By W.C,. Engledue, M.D. 
With a Letter from John Elliotson, M.D. on Mesmeric Phrenology and Materialism. 
8vo. Is, London, 1842. ~ 


HALL (SPENCER T.) MESMERIC EXPERIENCES. 12mo. 2s. 6d. 1845. 


JONES. THE CURATIVE POWER of VITAL MAGNETISM; verified by Actual Appli- 
cation to numerous Cases of Diseases. 12mo. ls. 1845. 


KISTE. MESMERISM;; or, Facts against Fallacies. In a Letter to the Rev. George Sandby. 
18mo. 1s. London, 1845. 


SANDBY. MESMERISM and its OPPONENTS. 2nd edition, 12mo. 1848, 4s. 


STORER. MESMERISM in DISEASE; a Few Plain Facts, with a Selection of Cases. 
‘ By Henry Storer, M.D. 2nd Edition, 12mo. 2s, 6d; London, 1846. 


219, Regent Street, London. 585 


TESTE. A PRACTICAL MANUAL of ANIMAL MAGNETISM; containing an Exposition 
of the Methods employed in producing the Magnetic Phenomena, with its Application to 
the Treatment and Cure of Diseases. By A. Teste, M.D. Translated from the Znd Edition, 
by D. Spillan, M.D. Dedicated, with permission, to John Elliotson, M.D. Cantab. F.R.S. 
l vol. post 8vo. 6s. London, 1843. ; 


TOPHAM and WARD. ACCOUNT of a CASE of SUCCESSFUL AMPUTATION of 
the THIGH DURING the MESMERIC STATE, without the Knowledge of the Patient. 
Read to the Royal Medical and Chirurgical Society on the 22nd November, 1842. 8vo. ls. 


TOWNSHEND. FACTS in MESMERISM, with Reasons for a Dispassionate Inquiry 
into it. By the Rev. Ch.H. Townshend. 2nd Edition, with a New Preface, and enlarged. 
8vo. 9s. London, 1844, 


ZOIST. A JOURNAL of CEREBRAL PHYSIOLOGY and MESMERISM, and their 
Application to Human Welfare. Published Quarterly, each Number, 2s. 6d. 


*,” This Journal contains Papers by Drs. Elliotson and Engledue. 
Twenty Numbers have already appeared. 
Nos. 1 to 20, cloth boards, 5 vols. 8vo. 2. lds. 
Commenced April 1, 1843. 


RA 


BULWER LYTTON (SIR E.) CONFESSIONS OF A WATER PATIENT. 3rd 
Edition, 1847. ls. 

WILSON. PRACTICE OF THE WATER CURE, with authenticated Evidence of its 
Efficacy and Safety. Part I. containing 70 authenticated Cases, the Opinions of English 
Medical Practitioners, a Sketch of the History and Progress of the Water Cure, and an 
Account of the Processes used in the Treatment. 8vo. ls. 6d. London, 1844. 

WILSON. THE WATER CURE, Stomach Complaints, and Drugs, Diseases, their Causes, 
Consequences, and Cure by Water, Air, Exercise, and Diet. 8vyo. 3rd Edition, 1843. 4s, 6d, 


OIPPe 


BONIFACE. MODERN ENGLISH and FRENCH CONVERSATION ; containing 
Elementary Phrases, and New Easy Dialogues, in French and English, on the most 
familiar Subjects: for the use of the Traveller and Student. By M. Boniface. 16th 
Edition, 18mo. 3s. London, 1845. 

OLLENDORFF. A NEW METHOD of LEARNING to READ, WRITE, and SPEAK 
the GERMAN LANGUAGE in SIX MONTHS. By H. G. Ollendorff. Translated from 
the Fifth French Edition. By G. J. Bertinchamp, A.B. 2nd Edition, revised and 
considerably improved, by James D. Haas. 12mo. bound, 9s. 1844.—Also, 

A KEY to the EXERCISES. I2mo. bound, 4s. 6d. 1844. . 

TROPPANEGER. GERMAN GRAMMAR; or, the Grammatical Forms of the German 
Language, and the Construction of Sentences; with Reading Lessons and Exercises. 3rd 
Edition, 12mo. 5s. London, 1844. 


RAYMOND DE VERICOUR. PRINCIPLES OF HISTORY. 18mo. 1s. 6d. 
London, 1845. 


LIBRARY — 
OF ILLUSTRATED 


‘STANDARD SCIENTIFIC WORKS. 


Unper this title it is the intention of the Publisher to issue, at 
regular intervals, a sERIES OF WORKS of merit in the various 
branches of Science. 

This series will be handsomely printed on fine paper in 8vo. 
form, and illustrated with numerous Wood Engravings. The 
Publisher flatters himself that nothing will be wanting on his part 
to make this collection of Scientifie Works worthy of the support 
of the Public. 

Vol. I. comprises Professor J. Muller’s “ Physics and Me- 
teorology,” with 530 Wood Engravings and two coloured Plates, 
8vo. cloth, 18s. 

Vol. II. Professor Julius Weisbach’s ‘Principles of the 
Mechanics of Machinery and Engineering,” with 534 Wood 
Engravings. Vol. I. 8vo. cloth, £1. 1s. 

: Vol. Il. in the press. 

Vol. III. Professor F. Knapp’s “Chemical Technology; or, 
Chemistry applied to the Arts and Manufactures.” Edited, with 
numerous Additions, by Dr. E. Ronalds, Lecturer on Chemistry at 
the Middlesex Hospital,-and Dr. Thomas Richardson, of New- 
castle. Vol. I. with 212 large Engravings, 8vo. cloth, £1. 1s. 

Vol. II. in the press. 

Vol. IV. Quekett, “ Practical Treatise on the Use of the 
Microscope. [Illustrated with Steel and Wood Engravings, 8vo. 
In the Press. 

Works on the following subjects, to be comprised in this Series, 
are in course of preparation, viz. Astronomy, Heat, Hydraulics, 


Metallurgy, Pathological Anatomy, &c. 
; H. BAILLIERE. 


219, REGENT STREET, 
DECEMBER, 1847. 


LONDON: 
Printed by Schulze and Co., 13, Poland Street. 


ISOMORPHISM. 161 


and cobalt, is well marked in the salts which they form with a com- 
mon acid, and is particularly observable in the double salts of these 
oxides, such as the sulphate of magnesia and potash, sulphate of zinc 
and potash, sulphate of copper and potash, which have all six atoms 
of water and a common form. The sulphates themselves of these 
bases differ, most of them affecting seven atoms of water of crystal- 
lization, while the sulphate of copper affects five ; but those with the 
seven may likewise be crystallized in favourable circumstances with 
five atoms of water, and then assume the form of the copper salt, 
thus exhibiting a second isomorphism like the arseniate and phos- 
phate of soda. 

The sesquioxides of the same class of metals with alumina and the 
sesquioxide of chromium, which consist of two atoms of metal and three 
of oxygen, also afford an instructive example of isomorphism, particu- 
larly in their double salts. The sulphate of the sesquioxide of iron with 
sulphate of potash and twenty-four atoms of water, forms a double | 
salt having the octohedral form of sulphate of alumina and potash, or . 
common alum, the same astringent taste, with other physical and 
chemical properties so similar, that the two salts can with difficulty 
be distinguished from each other. The salt is called iron alum, and Clirorne | 
there are corresponding manganese and chrome alums, neither of 
which contains alumina, but the sesquioxide of manganese and sesqui- %,-2.. Coca 
oxide of chromium in its place, with the proportions of acid and water 2Z..... zeg pote 
which exist in common alum. In all these salts another substitution, 7,4. 
may occur without change of form; namely, that of soda or oxide 7. ee pee 
ammonium for the potash in the sulphate of potash, giving rise to So 
the formation of what are called soda and ammonia alums. bso t/t i 

Certain facts have been supposed to militate against the principles 
of isomorphism, which require consideration. 

1. It appears that the corresponding angles of crystals reputed 
isomorphous are not always exactly equal, but are sometimes found to 
differ two or three degrees, although the errors of observation in good 
crystals rarely exceed 10’ or 20’ of a degree. But it has been shewn 
by Mitscherlich that a difference may exist between the inclinations 
of two series of similar faces in different specimens of the same salt, 
of 59’; while it is also known that the angles of a crystal alter sen- 
sibly in’ their relative dimensions with a change of temperature 
(page 3). The angles of crystals are, therefore, affected in their 
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values within small limits by causes of an ‘accidental character, 
and absolute identity in crystalline form may require the concur- 
rence of circumstances which are not found together in the ordi- 
nary modes of producing many crystals, which are still truly isomor- 
phous. 

The following table exhibits the inequalities which have been ob- 
served between the angles of certain isomorphous crystals:— 


Rhomboidal form. 
Carbonate of manganese (diallogite) . : . 108° 
S lime (cale-spar) ¢ ; : : 105° 5’ 


Compara) “6 lime and magnesia (dolomite) 106° 15’ 
* 107° 25’ 


Spas magnesia (giobertite) . : : 
CL “ iron (spathic iron) —.. : : 107° 


NGG 
at 


[oes 


zinc (smithsonite) ‘ : : 107° 40’ 


Square prismatic with rhomboidal base. 


Carbonate of lime (arragonite) . ; : : 116° 5’ 
ns lead (ceruse) Poti ( ye x ; We 
of strontiay (strontianite) . ; . 117° 32’ 
Ky baryta (witherite) ‘ F - 11837" 
Sulphate’of-baryta 1.) OF Oh ee EOP 
ss lead (anglesite). rt ae : ‘ 103° 42’ 
iy strontia (celestine) . j ; . 104° 30’ 


2. It appears that the same body may assume in different circum- 
stances two forms which are totally dissimilar, and have no relation 
to each other. Thus sulphur on crystallizing from solution in the 
bisulphide of carbon or in oil of turpentine, at a temperature under 
100°, forms octohedrons with rhombic bases, but when melted by 
itself and allowed to cool slowly, it assumes the form of an oblique 
rhombic prism on solidifying at 232°. These are incompatible crys- 
talline forms, as they cannot be derived from one common form. 
Carbon occurs in the diamond in regular octohedrons, and in graphite 
or plumbago in six-sided plates, forms which are hkewise incompati- 
ble. Sulphur and charcoal have each, therefore, two crystalline 
forms, and are said to be dimorphous, (from dic, twice, and popp?, 
shape). Carbonate of lime is another familiar instance of dimorphism, 
forming two mineral species, calc-spar and arragonite, which are 
identical in composition, but differ entirely in crystalline form. 
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G. Rose has shewn that the first or second of these forms may be given 
to the granular carbonate of lime formed artificially, according as it 
is precipitated at the temperature of the air, or near the boiling point 
of water. Of its two forms, carbonate of lime most frequently 
affects that of calc-spar: but carbonate of lead, which assumes the 
same two forms, and is therefore isodimorphous with carbonate 
of lime, chiefly affects that of arragonite, and is very rarely found in 
the other form. Had these carbonates, therefore, been each known 
only in its common form, their isomorphism would not have been 
suspected,—an important observation, as the want of isomorphism 
between certain other bodies may be caused by their being really 
dimorphous, although the two forms have not yet been perceived. 
Crystallization in three forms is not unknown: thus titanic acid is 
found in three distinct forms, as the minerals rutile, brookite, and 
anatase. | 

3. The observation of the isomorphism of bodies is of the greatest 
value as an indication that they possess a similar constitution, and 
contain a like number of atoms of their constituents. But it must 
be admitted that the most perfect comcidence in form is likewise 
observed between certain bodies which are quite different. in composi- 
tion. Thus bisulphate of potash is dimorphous, and crystallizes in 
one of the two forms of sulphur (Mitscherlich). Nitrate of potash in 
common nitre has the form of arragonite, and occurs also, there is 
reason to believe, in microscopic crystals m the form of calc-spar. 
Nitrate of soda, again, has the form of calc-spar. Permanganate 
of baryta and the anhydrous sulphate of soda likewise crystallize in 
one form. Between the first pair, sulphur and bisulphate of potash, 
the absence of all analogy in composition is sufficiently obvious, 
notwithstanding their isomorphism. Between nitrate of potash and 
carbonate of lime, and between permanganate of baryta and 
sulphate of soda, there is no similarity of composition, on the 
ordinary view which is taken of the constitution of these salts, but 
both of these pairs have been assimilated, in speculative views of their 
constitution proposed by Mr. Johnston* in regard to the first pair, 
and by Dr. Clarkt in regard to the second, which merit consideration, 
although the hypotheses cannot be both correct, as they are based 


* Philosophical Magazine, third series, vol. xii. page 480. 
+ Records of General Science, vol. iv. page 45. 
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upon incompatible data. To these may be added, the sulphate of 
baryta with perchlorate and permanganate of potash: BaO, SO, with 
KO, ClO, and KO, Mn, O,. The sulphide of antimony with sul- 
phate of magnesia: Sb 8, with MgO, SO,+7HO. Borax with 
augite, labradorite and anorthite, quartz and chabasite, mohsite and 
eudialite, anatase and apophyllite, zircon and wernerite, manganite 
and prehnite. Copper pyrites, Cu Fe S,, has also the same form as 
braunite or sesquioxide of manganese, Mn, Oj. Leucite and anal- 
cime both belong to the regular system, and are aluminous silicates 
of similar composition; but, while the first contains one equivalent 
of potash, the other comfains one equivalent of soda + 2HO. 

The nitrite of lead’has the same octohedral figure as the nitrate of 
lead,(with two atoms of oxygen less in its acid. 

Of examples of identity of crystallme form without any well- 
established relation m composition, many others might be quoted, if 
occurrence in the simple forms of the cube and regular octohedron 
should be allowed to constitute isomorphism. For example: carbon, 
sea-salt, arsenious acid, galena, the magnetic oxide of iron, and 
alum, all occur in octohedrons, although they are no way related in 
composition. But these simple forms are socommon, that they can 
be held as affording no proof of isomorphism, unless in cases where it 
is to be expected from admitted similarity of composition, as between 
the different alums, or between chrome iron and the magnetic oxide 
of iron, Cr, O3, FeO and Fe, O,, FeO. 

But notwithstanding the occurrence of such apparently fortuitous 
coincidences in form, isomorphism must still be considered as the 
surest criterion of similarity of composition which we possess.. Truly 
isomorphous bodies generally correspond in a variety of other proper- 
ties besides external form. Arsenic and phosphorus resemble each 
other remarkably in odour, although the one is a metal and the other 
a non-metallic body, while the corresponding arseniates and phos- 
phates agree in taste, in solubility, in the degree of force with which 
they retain water of crystallization, and in various other properties. 
The seleniate and sulphate of soda, with ten atoms of water, which 
are, isomorphous, are both efflorescent salts, and correspond in solu- 
bility, even so far as to agree in an unwonted deviation from the 
usually observed increasing rate of solubility at high temperatures, 
both salts being more soluble in water at 100° than at 212°. In 
fact, isomorphism appears to be always accompanied by many 
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common properties, and to be the feature which indicates the closest 
relationship between bodies. 

It will afterwards appear that the more nearly bodies agree in 
composition, they are the more likely to act as solvents of each other, 
or to be miscible in the liquid form. An attraction for each other of 
the same character is probably the cause of the easy blending together 
of the particles of isomorphous bodies, and of the difficulty of sepa- 
rating them after they are once dissolved in a common menstruum ; 
such isomorphous salts as the permanganate and perchlorate of 
potash may, indeed, crystallize apart from the same solution, owing 
to a considerable difference of solubility; and potash-alum may be 
purified, in a great measure, by crystallization, from iron-alum, 
which is more soluble, and remains in the mother-liquor; but most 
isomorphous salts, such as the sulphates of iron and copper, or 
the iodide and chloride of potassium, when once dissolved together, 
do not crystallize apart, but compose homogeneous crystals, which 
are mixtures of the two salts in indefinite proportions. This inter- 
mixture of isomorphous compounds is of frequent occurrence in 
minerals, and was quite inexplicable, and appeared to militate against 
the doctrine of combination in definite proportions, till the power of 
isomorphous bodies to replace each other in compounds was recog- 
nized as a law of nature. Thus, in garnet, which is a silicate of 
alumina and lime, Al, O3,,S1 O;+8CaO Si O,, the alumina is found 
often wholly or in part replaced by an equivalent quantity of pefoxide 
of iron; while the lime, at the same time, may be exchanged wholly 
or in bart for protoxide of iron, or for magnesia, without the proper 
crystalline character of the mineral being destroyed. Hence the 
‘composition of mineral species is most properly expressed by general 
formule, where a letter, such as R, expresses an equivalent of metal 
which may be calcium, magnesium, manganese, iron, &c. :— 


The Pyroxenes by 3RO, 281 O3. 
The Epidotes by 3RO, 2Al, O3, 381 Os. 


*.* The various forms of crystals were first happily described by Professor Weiss, of 
Berlin, by reference to “ crystalline axes,” which are three straight lines passing through 
the same point, and terminating in the surfaces or angles of the crystal. The simplest 
case is that in which the three axes cross each other at right angles, and are eqnal in 
length, as represented (fig. 51); ¢ being the vertical, and @ and 4 the two horizontal 
axes. A crystal is formed by applying planes in three principal ways to these axes. 

1. By applying six planes so that each shall be perpendicular to one axis and parallel 
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to the other two, the hexahedron, or, as it is more commonly termed, the cube (fig. 52), 
is formed. Here the axes terminate in the centre of each of the six faces of the crystal. 


Fic. 51. Fic. 52. 


_2. By applying one plane to an extremity of each of the three axes, as to the points 
a, 6, and ¢ (fig. 51), and seven planes in the same manner to other extremities, the regular 
octohedron is produced, of which the eight faces or planes are all equilateral triangles 
(fig. 53). The axes here terminate in the angles of the crystal. 

3. The plane may be applied to the extremities of two axes, and be parallel to the 
third, which will require twelve planes to close the figure, and give rise to the rhombic 
dodecahedron (fig, 54). 


Fie. 53. Fie 54. 


In these three principal forms, the planes are applied to. the axes at equal distances from 
the centre. They may also cut the axes at unequal distances from the centre, giving rise 
to four other less usual forms. ; 

A body in crystallizing may assume any of these forms, the only thing constant being 
the crystalline axes. Hence cominon salt crystallizes both in the cube and octohedron, 
although most usually in the former figure; and the magnetic oxide of iron both in the 
octohedron and rhombic dodecahedron. A body may even assume several of these forms 
at the-same time; that is, may present at once faces of the cube, octohedron, and dode- 
eahedron. Of the octohedral crystals of alum, for instance, the solid angles are always 
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found to be cut or truncated by planes which belong to the cube of the same axes (fig. 55) ; 
aud the edges of the octohedron in the same salt are sometimes removed or bevelled by the 
faces of the dodecahedron (fig. 56). Figure 57 represents a combination of all these three 


Fre. 55. Fie. 56. 


forms; and similar or even more complicated 
combinations are often found in nature. 

The groups of forms thus associated, by being 
deducible from the same axes, constitute what 
is called a “ system of crystallization.” Six 
such systems are enumerated by Weiss, to some 
one of which every crystalline body belongs. 

1. The octohedral or regular system of 
crystallization, with the three principal axes at i 
right angles to each other, and equal in length. 4 Fey bl 
It is that already described. 

2. The square prismatic, with the axes at 
right angles, but two eB of them equal i 
length. 


> Cd be al 


3. The right prismatic, with the axes at right angles, but unequal in length, fi Ch ve Cotes g 4 
4. The rhombohedral, with the axes equal, and crossing at equal but not right angle Pi soe, fe of pes tae 


5. The oblique prismatic, with two of the axes intersecting each other obliquely, while 7-7. of ak Me 


the third is perpendicular to both, and unequal in length. — Lo SHO, aye % 
6. The doubly-oblique prismatic, with all three axes intersecting each other obliquely, chifport Kec), 
and unequal. at ‘Aayit avg lea L 


By the apposition of planes to thats different sets of crystalline axes, in the same modes We 5 0 Theva 
as to the axes of the regular system, series of forms are produced, having a general 
analogy in all the systems, but specifically different. 

For additional information on the subject of crystallography, which, although highly 
important to the chemical inquirer, is not exactly a department of chemistry, reference 
may be made to the Essay of Dr. Whewell, in the Phil. Trans. for 1825 ; to an Essay by 
Dr. Leeson, in the Memoirs of the Chemical Society, vol. iii.; the Geciaia Elements 
of Crystallography of G. Rose; the Systems of Crystallography ‘of Professor Miller and 
Mr. J. J. Griffin; and to a short work lately published, entitled “‘ Elements de Cristallo- 
graphie, par M. J. Miiller, traduits de Allemand par Jerome Nickles,” which appears 
to be well adapted to the wants of the chemist. A full list of isomorphous substances 
is given by M. Gmelin in his invaluable Handbuch der Chemie, vol. i. p. 83. 
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Jil CLASSIFICATION OF ELEMENTS. 


The extent to which the isomorphous relations of bodies have 
been traced, will appear on reviewing the groups or natural families 
in which the elements may be arranged, and observing the links by 
which the different groups themselves are connected ; these classes 
not being abruptly separated, but shading into each other in their 
characters, like the classes created by the naturalist for the objects 
of the organic world. , 

I. Sulphur Class.—This class comprises four elementary bodies : 
oxygen, sulphur, selenium, tellurium. The three last of these 
elements exhibit the closest parallelism in their own properties, in 
the range of their affinities for other bodies, and in the properties of 
their analogous compounds. They all form gases with one atom of 
hydrogen, and powerful acids with three atoms of oxygen, of which 
the salts, the sulphates, seleniates, and tellurates are isomorphous ; 
and the same relation undoubtedly holds in all the corresponding 

compounds of these elements. ) 

Oxygen has not yet been connected with this group by a certain 
isomorphism of any of its compounds; but a close correspondence 
between it and sulphur appears, in their compounds with one class 
of metals being alkaline bases of similar properties, forming the two 
great classes of oxygen and sulphur bases, such as oxide. of potassium 
and sulphide of potassium; and in their compounds with another 
class of elements being similar acids, giving rise to the great classes 
of oxygen and sulphur acids, such as arsenious and sulpharsenious 
acids. They farther agree in the analogy of their compounds with 

hydrogen, particularly of binoxide of hydrogen and bisulphide of 
hydrogen, both of which bleach, and are remarkable for their insta-— 
bility; and in the analbgy of the oxide, sulphide, and telluride of 
ethyl, and of alcohol and mercaptan, which last is an alcohol with its 
oxygen replaced by sulphur. This class is connected with the next 
by manganese, of which manganic acid is isomorphous with sul- 
phuric acid, and consequently manganese with sulphur. 

Il. Magnesian Class.—This fs comin magnesium, calcium, 
manganese, iron, cobalt, nickely zit } cadmium, copper, hydrogen, 
chromium, aluminum, glucinum, vanadium, zirconium, yttrium, 
thorinum. The protoxides of. this class, including water, form 
analogous salts with acids. A ‘hydrated acid, such as crystallized . 
oxalic acid or the oxalate of water, corresponding with the oxalate of 
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magnesia in the number of atoms of water with which it crystallizes, 
and the force with which the same number of atoms is retained at 
high temperatures ; hydrated sulphuric acid (HO, SO; -+ HO) with the 
sulphate of magnesia (MgO, SO,+ HO). The isomorphism of the 
salts of magnesia, zinc, cadmium, and the protoxides of manganese, 
iron, nickel, and cobalt, is perfect. Water (HO) and oxide of zinc 
(ZnO) have both been observed in thin regular six-sided prisms ; 
but the isomorphism of these crystals has not yet been established 
by the measurement of the angles. Oxide of hydrogen has not, 
therefore, been shewn to be isomorphous with these oxides, although 
it greatly resembles oxide of copper in its chemical relations. Lime 
is not so closely related as the other protoxides of this group, being 
allied to the following class. But its carbonate, both anhydrous and 
- hydrated, its nitrate, and the chloride of calcium, assimilate with the 
corresponding compounds of the group; while to its sulphate or 
gypsum, CaO, SO,-+2HO, one parallel and isomorphous compound, 
at least, can be adduced, a sulphate of iron, FeO, SO,;+2HO 
(Mitscherlich), which is also sparingly soluble in water, like gypsum. 
Glucina is isomorphous with lime from the isomorphism of the 
minerals euclase and zoisite (Brooke). 

The salts of the sesquioxide of chromium, of alumina, and glucina, 
are isomorphous with those of sesquioxide of iron (Fe, O,), with which 
these oxides correspond in composition; and the salts of manganic 
and chromic acids are isomorphous, and agree with the sulphates. 
The vanadiates are believed to be isomorphous with the chromates. 
Zirconium is placed in this class, because its fluoride is isomorphous 
with that of aluminum and that of iron, and its oxide appears to have 
the same constitution as alumina; and yttrium and thorium, solely 
because their oxides, supposed to be protoxides, are classed among 
‘the earths. | 

Ill. Barium Class. —Barium, strontium, lead. The salts of 
their protoxides, baryta, strontia, and oxide of lead, are strictly 
isomorphous, and one of them at least, oxide of lead, is dimorphous, 
and assumes the form of lime, and the preceding class in the mineral 
plumbocalcite, a carbonate of lead and lime (Johnston). But certain 
carbonates of the second class are dimorphous, and enter into the 
present class, as the carbonate of lime in arragonite, carbonate of 
iron in junckerite, and carbonate of magnesia procured by evaporating 
its solution in carbonic acid water to dryness by the water-bath 
(G. Rose), which have all the common form of carbonate of strontia. 
Indeed, these two classes are very closely related. 
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IV. Potassium Class.—The fourth class consists of potassium, 
ammonium, sodium, silver. The term ammonium is applied to a 
hypothetical compound of one atom of nitrogen and four of hydrogen 
(NH,), which is certainly, therefore, not an elementary body, and 
probably not even a metal, but which is conveniently assimilated in 
name to potassium, as these two bodies occupy the same place in the 
two great classes of potash and ammonia salts, between which there 
is the most complete isomorphism. Potassium and ammonium 
themselves are, therefore, isomorphous. The sulphates of soda and 
silver are similiform, and hence also the metals sodium and silver ; 
but their isomorphism with the preceding pair is not so clearly 
established. Soda replaces potash in soda-alum, but the form of the 
crystal is the common regular octohedron; nitrate of potash has also 
been observed in microscopic crystals, having the arragonitic form of 
nitrate of soda,* which is better evidence of isomorphism, although 
not beyond cavil, as the crystals were not measured. There are also 
grounds for believing that potash replaces soda in equivalent quantities 
in the mineral chabasite, without change of form. The probable 
conclusion is, that potash and soda are isomorphous, but that this 
relation is concealed by dimorphism, except in a very few of their 
salts. 

This class is connected in an interesting way with the other classes 
through the second. The subsulphide of copper and the sulphide 
of silver appear to be isomorphous,t although two atoms of copper 
are combined in the one sulphide, and one atom of silver in the other, 
with one atom of sulphur; their formule being— 


Cu, 8 and Ag S. 


Are then ¢wo atoms of copper isomorphous with ove atom of silver ? 
In the present state of our knowledge of isomorphism, it appears 
necessary to admit that they are. 

The fourth class will thus stand apart from the second, which is 
represented by copper, and also from the other classes connected with 
the second, in so far as one atom of the present class is equivalent 
to two atoms of the other classes in the production of the same 
crystalline form. This discrepancy may be at once removed by 
halving the atomic weight of silver, and thus making both sulphides 


* Frankenheim, in Poggendorff’s Annalen, vol. xl. page 447. See also a paper by 
Professor Johnston on the received equivalents of potash, soda, and silver; Phil. Mag. 
third series, vol. xii. p. 324. 

+ See sulphide of silver, under silver, in this work. 
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to contain two atoms of metal to one of sulphur. But the division 
of the equivalents of sodium, potassium, and ammonium, which would 
follow that of silver, and the consideration of potash and soda as 
suboxides, are assumptions not to be lightly entertained. 

It was inferred by M. Mosander, that lime with an atom of water 
is isomorphous with potash and soda, because CaO + HO appears to 
replace KO or NaO in mesotype, chabasite, and other minerals of the 
zeolite family. The isomorphism of natrolite and scolezite is so ex~- 
plained: NaO, Al, O3, 2Si0,, 2HO with CaO, Al, Og, 2Si0,, 3HO. 
On the other hand, it is strongly argued by M. T. Scheerer, that 
one equivalent of magnesia is isomorphous with three equivalents of 
water, from the equality of the forms of cordierite and a new mineral 
aspasiolite, the first contaming MgO, and the second 3HO im its 
place; and from a review of a considerable number of alumino- 
magnesian minerals. One equivalent of oxide of copper, however, 
is supposed to be replaced by two equivalents of water.* 

V. Chlorine Class.—Chlorine, iodine, bromine, fluorine. These 
four elements form a well-defined natural family. The three first 
are isomorphous throughout their whole combinations—chlorides 
with bromides and iodides, chlorates with bromates and iodates, 
perchlorates with periodates, &c.; and such fluorides also as can 
be compared with chlorides alae to affect the same forms. The 
fluoride of calcium of apatite, Cal’, 3(3CaO, PO,), is also replaced 
by the chloride of caletum. It is connected with the second class 
through perchloric acid; the perchlorates being strictly isomorphous 
with the permanganates. But the formule of these two acids are— 


Cl O, and Mn, O,, 


one atom of chlorine replacing two atoms of manganese. Or, this 
class has the same isomorphous relation as the preceding class to 
the others : and such I shall assume to be its true relation. Although 
halving the atomic weight of chlorine, which would give two atoms 
of chlorine to perchloric acid, is not an improbable supposition, 
still it would lead to the same strange conclusion as follows the 
division of the equivalent of sodium,—namely, that chlorine enters 
into its other compounds, as well as into permanganic acid, always 
in the proportion of two atoms ; for that element is never known to 
combine in a less proportion than is expressed by its presently re- 


* Poggendorft’s Annalen der Physik und Chemie, t. \xviii. p. 319. Also, Millon and” 
Reiset’s Annuaire de Chimie, 1847, 8vo. Paris, pp. 52 and 234, 
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ceived equivalent. Cyanogen (C, N), although a compound body, 
has some claim to enter this bese as the cyanides have the same 
form as the chlorides. 

VI. Phosphorus Class.—Nitrogen, phosphorus, arsenic, antimony, 
and bismuth ; also composing a well-marked natural group, of which 
nitrogen and bismuth are the two extremes, and of which the analo- 
gous compounds exhibit isomorphism. These five elements all form 
gaseous compounds with three atoms of hydrogen ; namely, ammonia, 
phosphuretted hydrogen, arsenietted hydrogen, &. The hydriodates 
of ammonia and of phosphuretted hydrogen are not, however, 
isomorphous. Arsenious acid and the oxide of antimony, both of 
which contain three atoms of oxygen to one of metal, are doubly 
isomorphous. Arsenious acid also is capable of replacing oxide of 


{ antimony in tartrate of antimony and potash or tartar emetic, without 


change of form; and arsenic often substitutes antimony in its native 


ae noi sulphide. The bin sulphide of bismuth {Bi 8} is also isomorphous 
vue"~Sith the sulphide of antimony (Sb S,). Nitrous acid (NO,), which 


Ties 


should correspond with arsenious acid and oxide of antimony, likewise 
acts occasionally as a base, as in the crystalline compound with sul- 
phuric acid of the leaden chambers. The complete isomorphism of 
the arseniates and phosphates has already been noticed. ‘But phos- 
phoric acid forms two other classes of salts, the pyrophosphates 
and metaphosphates, to which arsenic acid supplies no parallels. 

This class of elements is connected with the others by means of 
the followmg links :—Bisulphide of iron is usually cubic, or of the 
regular system; but it is dimorphous, and, in spirkise, it passes 
into another system, and has the form of arsenide of iron; Fe S,, or 
rather Fe, S,, being isomorphous with Fe, As 8,. Again, bisulphide 
of iron, in the pentagonal-dodecahedron of the regular system, is 
isomorphous with cobalt-glance, Fe, S, with Co, As S,: so that one 
equivalent of arsenic appears to be isomorphous with 28. This is 
also supported by the isomorphism of the sulphide of cadmium and 
sulphide of nickel (Cd S and Ni S8, or Cd, S, and Ni, S,), with 
the arsenide of nickel (Ni, As). ‘Tellurium has also been observed 
im the same form as metallic arsenic and antimony. The phosphorus 
class approximates also to the chlorine class; nitrogen and chlorine — 
both forming a powerful acid with five equivalents of oxygen, nitric 
acid, and chloric acid; but of the many nitrates and chlorates which 
can be compared, no two have proved isomorphous. Nor do the 
metaphosphates appear at all like the nitrates, although their formula 
correspond. 
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Nitrogen, it must be admitted, is but loosely attached to this class. 
It is greatly more negative than the other members of the class, 
approaching oxygen in that character, with which, indeed, nitrogen 
might be grouped, N being equivalent to 20. For while phos- 
phuretted hydrogen is the hydride of phosphorus, or has hydrogen 
for its negative and phosphorus for its positive constituent, ammonia 
is undoubtedly the nitride of hydrogen, or has nitrogen for its nega- 
tive and hydrogen for its positive constituent. The one should be 
written PH, and the other H, N—a difference in constitution which 
separates these bodies very widely. An important consequence of 
classing nitrogen with oxygen is, that, in the respective series of 
compounds of these elements, cyanogen becomes the analogue of 
carbonic oxide, C, N being equivalent to CO, or rather C, O,. 

VIL. Tin Class.—Tin, titantum. Connected by the isomorphism 
of titanic acid (Ti O,) in rutile with peroxide of tin (Sn O,) in tin- 
stone. ‘Titanium is connected with iron and the second class. 
Imenite and other varieties of titanic iron which have the crystalline 
form of the sesquioxide of that metal,—namely, that of specular 
iron, and also of corundum (alumina),—are mixtures of a sesqui- 
oxide of titanium (Ti, O,) with sesquioxide of iron (H. Rose). 

VILL. Gold Class.—Gold, which is isomorphous with silver in 
the metallic state. Gold will thus be connected, through silver, 
with sodium and the fourth class. 

IX. Platinum Class.—Platinum, iridium, osmium. From the 
isomorphism of their double chlorides. The double bichloride of tin 
and chloride of potassium crystallizes in regular octohedrons, like 
the double bichloride of platinum and potassium, and other double 
chlorides of this group; which, although not alone sufficient to 
establish an isomorphous relation between this class and the seventh, 
yet favours its existence (Dr. Clark). The alloy of osmium and 
iridium (Ir Os) is isomorphous with the sulphide of cadmium (Cd 8) 
and sulphide of nickel (Ni 8) (Breithaupt). 

X. Tungsten Class —Tungsten, molybdenum, tantalum, niobium, 
and pelopium. From the isomorphism of the tungstates and molyb- 
dates, the salts of tungstic and molybdic acids, WO, and MoO,. Tan- 
talic acid is isomorphous with tungstic acid: tantalite (FeO, TaQ,) 
with wolfram (FeO, WO,). So are molybdic and chromic acids, 
the tungstate of lime, tungstate of lead, molybdate of lead, and 
chromate of lead (in the least usual of its two forms), being all of the 
same form. ‘This establishes a relation between molybdic, chromic, 
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sulphuric, and other analogous acids.* Niobium and pelopium are 
introduced into this class as they replace tantalum in the tantalites of 
Bavaria. 

XI. Carbon Class —Carbon, boron, silictum. These elements 
are placed together, from a general resemblance which they exhibit 
without any precise relation. They are not known to be isomorphous 
among themselves, or with any other element. They are non-metallic, 
and form weak acids with oxygen,—the carbonic, consisting of two 
of oxygen and one of carbon, and the boric and:silicic acids, which 
are generally viewed as composed of three of oxygen to one of boron 
and silicium. Silicic acid may, perhaps, replace alumina in some 
minerals, but this is uncertain. | 

Of the elements which have not been classed, no isomorphous 
relations are known. ‘They are mercury, which in some of its che- 
“ mical properties is analogous to silver, and in others to copper, 
cerium, didymium, lanthanum, lithium, rhodium, ruthenium, pal- 
ladium, and uranium. Ruthenium, however, is believed to be 
isomorphous with rhodium, from the correspondence in composition 
of their double chlorides. Didymium and lanthanum are also 
probably isomorphous with cerium, as they appear to replace that 
metal in cerite. 

According to the original law of Mitscherlich, that isomorphism 
depends upon equality n the number of atoms, and similarity in 
their arrangement, without reference to their nature, the elements 
themselves should all be isomorphous. Most of the metals crystal- 
lize in the simple forms of the cube or regular octohedron, which are 
not sufficient to establish this relation. But the isomorphism of a 
large proportion, if not the whole, of the elements may be inferred 
from the isomorphism of their analogous compounds. Thus from the 
facts just adduced, it appears that the members of the following large 
class of elements are linked together from the isomorphism of one 
or more of their compounds. This large class may be subdivided into 
smaller classes, between the members of which isomorphism is of 
more frequent occurrence, and which are then to be viewed as isomor- 
phous groups. 


* Johnston, Phil. Mag. 3d series, vol, xii. p. 387. 
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ISOMORPHOUS ELEMENTS, 


1. Sulphur. 3. Barium. With two atoms of the 
Selenium. Strontium. preceding elements. 
Tellurium. Lead. 7. Sodium. 

Silver. 

2. Magnesium. ae: Gold. 

Calcium. 4, Tin. Potassium. 
Manganese. Titanium. Ammonium. 
Tron. 

Cobalt. : 8. Chlorine. 
Nickel. : idl era Todine. 
Zine. pene Bromine. 
Cadmium. ° Fat Fluorine. 
Copper. eae Cyanogen. 
Chromium. 6. Tungsten. 

Aluminum. Molybdenum. » 9. Phosphorus. 
Glucinum. Rantala Arsenic. 
Vanadium. Antimony. 
Zirconium, Bismuth. 


The tendency of discovery is to bring all the elements into one class, 
either as isomorphous atom to atom, or with the relation to the 
others which sodium, chlorine, and arsenic exhibit. 

But must not isomorphism be implicitly relied upon in estimating 
atomic weights, and the alterations which it suggests be adopted 
without hesitation in every case? Chemists have always been most 
anxious to possess a simple physical character by which atoms might 
be recognised; and equality of volume in the gaseous state, equality 
of specific heat, and similarity in crystalline form, have all in their 
turn been upheld as affording a certain criterion. The indications of 
isomorphism certainly accord much better than those of the other 
two criteria with views of the constitution of bodies derived from 
considerations purely chemical, and are indeed invaluable in establish- 
ing analogy of composition in a class of bodies, by supplying a pre- 
cise character which can be expressed in numbers, instead of that 
general and ill-defined resemblance between allied bodies, which 
chemists perceived by an acquired tact rather than by any rule, and 
which was heretofore their only guide in classification. Admitting 
that isomorphism is a certain proof of similarity of atomic constitu- 
tion within a class of elements and their compounds, it may still 
be doubted whether the relation of the atom to crystalline form 
is the same without modification throughout the whole series of the 
elements, or whether all atoms agree exactly in this or any other phy- 
sical character. 
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Crystalline form and the isomorphous relation may prove not to 
be a reflection of atomic constitution, or immediately and necessarily 
connected with it, but to arise from some secondary property of 
bodies, such as their relation to heat; in which a simple atom may 
occasionally resemble a compound body, as we find sulphur isomor- 
phous in one of its forms with bisulphate of potash; while we 
find another simple atom, potassium, isomorphous through a long 
series of compounds with the group of five atoms which consti- 
tute ammonium. The occurrence of dimorphism also, both in 
- simple and compound bodies, gives to crystalline form a less fun- 
damental character. 

Is it probable that sulphur and carbonate of lime could be made 
to appear in sets of crystals which are wholly unlike, merely by a 
slight change of temperature, if form were the consequence of an 
~ invariable atomic constitution? Crystalline form, then, may possibly 
depend upon some at present unknown property of bodies, which may 
have a frequent and general, but certainly not aninvariable relation to 
their atomic constitution. There may be nothing truly inconsistent 
with the principles of isomorphism in one atom of a certain class of 
elements having the same crystallographic value as two atoms of 
another class, the relation which has been assumed to exist between 
the sodium, chlorine, and phosphorus classes, and the others, particu- 
larly when the classes stand apart, and differ in their properties from 
all the others, as those of sodium and chlorine do. 


SECTION V.—ALLATROPY. 


Many solid, and a few liquid, bodies admit of a variation of 
properties, and may present different appearances at the same tem- 
perature. 

Dimorphism, or the assumption of two incompatible crystalline 
forms by the same body, in different circumstances, has already been 
noticed as occurring with sulphur, carbon, carbonates of lime and 
lead, bisulphate of potash, and chromate of lead. It is also ob- 
served in the biphosphate of soda, and in a considerable number 
of minerals. The sulphate of nickel (NiO, SO; + 7HO) is 
trimorphous ; the other salts of similar composition, such as sul- 
phate of magnesia and sulphate of zinc, have been found in two 
only of these forms. Dimorphous crystals may differ in density, 
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the densities of calc-spar and arragonite, the forms of carbonate of 
lime being 2.719 and 2.949, and indeed all resemblance in properties 
between the crystals may be lost, as in diamond and graphite, the 


two forms of carbon. The particular form assumed by sulphur and icy 
carbonate of lime, which may be made to crystallize in either of their ~ 


forms at will, is found to depend upon the degree of temperature at 
which the solid is produced ; carbonate of lime being precipitated, on 
adding chloride of calcium to carbonate of ammonia, in a powder, of 
which the grains have the form of calc-spar or of arragonite, accord- 
ing as the temperature of the solution is 50° or 150°* A large 
crystal of arragonite, when heated by a spirit-lamp, cecrepitates, and 
falls into a powder composed of grains of calc-spar. Native car- 
bonate of iron is isodimorphous with carbonate of lime; as spathic 
iron its specific gravity 1s 3.872, as junckerite 3.815. The erystals 
of sulphur produced at the higher of two temperatures become 
opaque when kept for some days in the air, and pass spontaneously 
into the other form; while the crystals produced at the lower tém- 


i] 


; 
/ 


Fe 


perature are disintegrated and changed into the other form by a pS rsrfhowua. 


moderate heat. These observations are important, as establishing a 
relation between dimorphism and solidification at different tem- 
peratures. 

A considerable variation of properties is likewise often observable 
in a solid which is not crystalline, or of which the crystalline form 
is indeterminate. This fact has been designated adlatropy by 
Berzelius (from &)Xorporoe, of a different nature): dimorphism, or 
diversity in crystalline form, is, therefore, a particular case of alla- 
tropy. Sulphide of mercury obtained by precipitating corrosive 
sublimate by hydrosulphuric acid, is black ; but the same body, when 
sublimed by heat, or produced by agitating mercury in a solution of 
the persulphide of potassium, forms cinnabar, of which the powder 
is the red pigment vermilion; while vermilion itself, if heated till 
sulphur begins to sublime from it, and then suddenly thrown into 


Djewteh go ; 


cold water, becomes bleck; although, if allowed to cool slowly, ithefcr+s haat 
remains red. Yet it is of the same composition exactly in the black fee - 


and red states. The iodide of mercury newly sublimed is of a lively 
yellow colour, and may remain so for a long time; but it generally 
begins to pass into a fine scarlet on cooling, and may be made to 
undergo this change of colour in an instant by strongly pressing it : 
these, however, are two different crystalline forms. The precipitated 


* G. Rose, Phil. Mag. 3d series, vol, xii. p. 465. 
N 
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sulphide of antimony may be deprived of the water it contains, at 
the melting point of tin, without losing its peculiar orange colour ; 
but, when heated a little above that temperature, it shrinks, and 
assumes the black colour and metallic lustre of the native sulphide, 
without any loss of weight. Again, the black sulphide, when heated 
strongly and thrown into water, loses its metallic lustre, and acquires 
a good deal of the appearance of the precipitated sulphide. Chromate 
of lead, which is usually yellow, if fused and thrown into cold water, 
gives a red powder. The nitrgtes of lead are sometimes white, and 
sometimes yellow; and crystals of sulphate of manganese are often 
deposited from the same solution, some of which are pink, and others 
colourless, although identical in composition. 

Such differences of colour are permanent, and not to be con- 
founded with changes which are peculiar to certain temperatures : 
thus oxide of zinc is of a lemon-yellow colour, when strongly heated, 
but milk-white at a low temperature; the oxide of mercury is much 
redder at a high than at a low temperature, and bichromate of 
potash, which is naturally red, becomes almost black when fused 
by heat. Even bodies in the gaseous state are liable to transient 
changes of this kind, the brown nitrous fumes being nearly colourless 
below zero, and on the other hand deepening greatly in colour at a 


‘high temperature. 


The condition of géass is a remarkable modification of the solid 
form assumed by many bodies. Matter in this state is not 
crystallized, and on breaking, presents curved and not plain sur- 
faces, or its fracture, in mineralogical language, 1s conchoidad, and 
not sparry. The indisposition to crystallize, which causes solidifica- 
tion in the form of glass, .is more remarkable in some bodies, such 
as phosphoric and boracic acids, and their compounds, than in others. 


i 


The biphosphate and binarseniate of soda have the closest resemblance ~ 


in properties, yet when both are fused by a lamp, the first solidifies 
on cooling into a transparent colourless glass, and the second into a 
white opaque mass composed of interlaced crystalline fibres. The 
phosphate at the same time discharges sensibly less heat than the 
arseniate in solidifying, retaining probably a portion of its heat of 
fluidity, or latent heat in a state of combination, while a glass. 


_ None of the compounds of silicic acid and a single base, such as 
soda or lime, or simple silicate, becomes a glass on cooling from a 
state of fusion, with the exception of the silicate of lead containing a 
' great excess of oxide: they all crystallize. But a miature of the 


i 


same silicates, when fused, exhibits a peculiar viscosity or tenacity, 
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appears to have lost the faculty of crystallizing, and constantly forms 
a glass. ‘The varieties of glass in common use are all such mixtures 
of silicates. Glass is sometimes devitrified when kept soft by heat 
for a long time, owing to the separation of the silicates from each 
other, and their crystallization ; and the less mixed glasses are known 
to be most liable to this change. It is probable that all bodies differ, 
when in the vitreous and in the crystalline form, in the proportion of 
combined heat which they possess, as has been observed of melted 
sugar (page 45) in these two conditions. 

Arsenious acid, when fused or newly sublimed, appears as a 
transparent glass of a light yellow tint; but left to itself, it slowly 
becomes opaque and milk white, the change commencing at the 
surface and advancing to the centre, and often requiring years to 
complete it, in a considerable mass. The arsenious acid is no longer 
vitreous, being changed into a multitude of little crystals, whence 
results its opacity ; and it has altered slightly at the same time in 
density and in solubility. But the passage from the vitreous to the 
crystalline state may take place instantaneously, and give rise to an 
interesting phenomenon observed by H. Rose. The vitreous 
arsenious acid seems to dissolve in dilute and boiling hydrochloric 
acid without change, but the solution on cooling deposits crystals 
which are of the opaque acid, and a flash of light, which may be ~ 
perceived in the dark, is emitted in the formation of each crystal. 
This phenomenon depends upon and indicates the transition, for it 
does not occur when arsenious acid already opaque is substituted 
for vitreous acid, and dissolved and allowed to crystallize in the 
same manner. 

A still greater change than those described, is induced upon 
certain bodies by exposure to a high temperature, without any 
corresponding change in their composition. ‘Several metallic per- 
oxides, such as alumina, sesquioxide of chromium and binoxide of | | 
tin, cease to be soluble in acids after being heated to redness. The ' 
same is true of a variety of salts, such as many phosphates, tungstates, 
antimoniates, and silicates. Many of these bodies contain water in 
combination, when most readily dissolved by acids, which constituent 
is dissipated at a high temperature, but in general before the loss of 
solubility occurs, so that the contained water alone is not the cause 
of the solubility. Berzelius remarked an appearance often observable 
when such bodies are under the influence of heat, and in the act of 
passing from the soluble to the insoluble state. They suddenly. glow | 
or become luminous, rising in temperature above the containing 
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vessel, from a discharge of heat. The rare mineral gadolinite, which 
is a silicate of yttria, affords a beautful example of this change. 
When heated it appears to burn, emits light, and becomes yellow, 
but undergoes no change in weight. Fluorspar, and many other 
crystalline substances, exhibit a feeble phdsphorescence when 
heated, which has no relation to this change, and is to be distin- 
guished from it. 

The circumstance most certain respecting this change in bodies, 
which affects so deeply their chemical properties, is that the bodies 
do not contain a quantity of heat, after the change, which they must 
have possessed before its occurrence in a combined or latent form. 
No ponderable constituent is lost, but there is this loss of heat. A 
change of arrangement of the particles, it is true, must occur at the 
same time in some of these bedies, such as is observed when sulphite 
of soda is converted by heat into a mixture of sulphate of soda and 
sulphuret of sodium, without change of weight; but it would be 
difficult to apply an explanation of this nature to oxides, such as 
alumina and binoxide of tin, which contain only two constituents, 
and still more so to an element such as carbon. The loss of heat 
observed will afford all the explanation necessary, if heat be admitted 
as a constituent of bodies equally essential as their ponderable 
elements. As the oxide of chromium possesses more combined heat 
when in the soluble than in the insoluble state, the first may justly 


be viewed as the higher caloride, and the body in question may have 


different proportions of this as well as of any other constituent. But 
it is to be regretted that our knowledge respecting heat as a con- 
stituent of bodies is extremely limited; the definite proportion in 
which it enters into ice and other solids in melting, and into steam 
and vapours, has been studied, and also the proportion emitted during 
the combustion of many bodies, which has likewise proved to be 
definite. But the influence which its addition or subtraction may 
have on the chemical properties of a body is at present entirely matter 
of conjecture. The phenomena under consideration seem to require 
the admission of heat as a true constituent which can modify the 
properties of bodies very considerably ; otherwise a great physical law 
must be abandoned, namely, that “ no change of properties can occur 
without a change of composition.” But if heat be once admitted 
as a chemical constituent of bodies, then a solution of the present 
difficulties may be looked for, for nothing is more certain than that 
“a change in composition will account for any change in properties.” 
Heat thus combined in definite proportions with bodies, and viewed 
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as a constituent, must not be confounded with the specific heat of 
the same bodies, or their capacity for sensible heat, which may have 
no relation to their combined heat. 


SECTION VI.— ISOMERISM. 


In such changes of properties as have already been described, the 
individuality of the body is never lost. But numerous instances 
have presented themselves of two or more bodies possessing the same 
composition, which are unquestionably different substances, and not 
mutually convertible into each other. Different bodies thus agreeing 
in composition, but differing in properties, are said to be ¢someric, 
(from fooc, equal, and pepoc, part), and their relation is termed ¢so- 
merism. The discovery of such bodies excited much interest, and 
they have received a considerable share of the attention of chemists. 
But the result of a careful study of the bodies associated by simi- 
larity of composition, though differing in properties, has been upon 
the whole unfavourable to the doctrine of isomerism. Isomeric 
bodies have in general been proved by the progress of discovery to 
agree in the relative proportion of their constituents only, and to 
differ either in the aggregate number of the atoms composing them, 
or in the mode of arrangement of these atoms; and although new 
cases of isomerism are constantly arising, others are removed as they 
come to admit of explanation. This is what was to be expected, 
for isomerism in the abstract is improbable ; a difference in properties 
between bodies, without a difference in their composition, appearing 
to be an effect without a sufficient cause. Hence, the term isomerism 
is now generally employed in a limited sense, to indicate simply the 
identity in composition of two or more bodies as expressed in the 
proportion of their constituents in 100 parts. Several classes of 
such isomeric bodies may be formed. 

The members of the most numerous class of isomeric bodies differ 
in atomic weight. Thus we know at present three gases, three or 
four liquids, and as many solids, which all consist exactly of carbon 
and hydrogen, in the proportion of one atom to one atom, or, in 
weight, of 86 parts of carbon and 14 of hydrogen, very nearly. These 
bodies agree in ultimate composition, but differ completely in every 
other respect. But a representation of their chemical constitution 
explains at once the cause of the differences they present, as is obvious 
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in the following formule of four well characterized members of this 
isomeric group :— 


Equivalents and combining measure. 


Olefiant gas ; : C, H, or 4 volumes. 
Gas from oil rx. : Cy, Hg, or 4 volumes. 
Naphthene . 2 ae : Cig Hig or 4 volumes. 
etene : : C35 H5, or 4 volumes. 


It thus appears that the atom of cetene contains twice as many atoms 
of carbon and hydrogen as the atom of naphthene, four times as 
many as the atom of the gas from oil, and eight times as many as 
the atom of olefiant gas; while as the atom of all these bodies 
affords the same measure of vapour, or four volumes, they must differ 
as much in density as they doin the number of their constituent 
atoms. It is not surprising, therefore, that they all possess different 
and peculiar properties. Several groups of bodies might be selected 
from the Table at page 149, which have a similar relation to each 
other, the number of their atoms being different, although their 
relative proportion is the same: such as— 


Oil of lemons . Giga 

Oil of turpentine. : C7 -7tlie 
and, 

Naphthaline . : : BEEN HE 

Paranaphthaline . : ; eee be 


A_ still more remarkable case is presented by alcohol and the ether 
wood-spirit, in which there is identity of condensation as well as 
of composition, with different equivalents. The vapours of these two 
liquids have in fact the same specific gravity, and contain, under equal 
volumes, equal quantities of carbon, hydrogen, and oxygen. But we 
know that they are of a different type, alcohol being the hydrated 
oxide of ethyl, and ether of wood-spirit the oxide of methyl, so that 
their constitution and rational formule are quite different :— 


Alegholg fy ses) gta gaa a) SEC 
Hither of wood-spirit Cs/aaO, 


In another class of isomeric bodies, the atomic weight may be 
equal, as well as the elementary composition. A pair belonging to 
_ this class are known, which coincide besides in the specific gravity 
of their vapours. The composition and atom of both the formiate of 
the oxide of ethyl (formic ether) and the acetate of oxide of methyl, 


y, 
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may be represented by Cg H; O,: the density of both their vapours 
is 2574: and what is very remarkable, these bodies in their ordinary 
liquid state almost coincide in properties, the density of formic ether 
being 0°916, and that of the acetate of methylene 0°919, (density of 
water being =), while the first boils at 133°, and the last at 136°4°. 
But when acted on by alkalies, their products are entirely different, 
the one affording formic acid and alcohol, and the other acetic acid 
and wood-spirit. Hach of the isomeric bodies in question contains, 
indeed, two different binary compounds, and their constitution is 
truly represented by different formule :— 


Formiate of oxide of ethyl ; C, H; O+C, H O; 
Acetate of oxide of methyl CO, Hz.04-0; Ha: O, 


im which the same atoms are seen to be very differently arranged. 
The term metameric has been applied to bodies so related. _ 

The last class of isomeric bodies are of the same atomic weights, 
but their constitution or molecular arrangement being unknown, 
their isomerism cannot at present be explained. It can scarcely 
be doubted, however, that their molecular arrangement is really 
different. 

One pair of such isomeric bodies will illustrate the coincidences 
observed not at all unfrequently among organic substances. The 
racemic and tartaric acids, of which the composition is the same, 
exhibit a similarity of properties, and a parallelism in their chemical 
characters, that are truly astonishing. These acids are found together 
in the grape of the Upper Rhine. ‘They differ considerably in. solu- 
bility, the racemic being the least soluble, so that they may be sepa- 


rated from each other by crystallization; and the racemic acid 


contains an atom of water of crystallization, which is not found in 
the crystals of tartaric acid. They form salts which correspond very 
closely in their solubility and other properties. The bitartrate and 
biracemate of potash are both sparingly soluble salts: the tartrates 
and racemates of lime, lead, and barytés, are all alike insoluble. 
Both acids form a double salt with soda and ammonia, which is an 
unusual kind of combination. But what is most surprising, crystals 
of these double salts not only coimcide m the proportion of their 
water and other constituents, and in the composition of their acids, 
but also in external form, having been observed by Mitscherlich to 
be isomorphous. A nearer approach to identity could scarcely be 
conceived than is exbibited by these salts, which are, indeed, the 
same both in form and composition. The crystallized acids are both 
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modified im an unusual manner by heat, and form three classes 
of salts, as phosphoric acid does. The formule of both acids in 
their ordinary class of salts is C; H, O,)+ two atoms of base (Fremy); 
but by no treatment can the one acid be transmuted into the other. 
Lastly, every organic acid produces a new acid by destructive dis- 
tillation, which is peculiar to it, and is termed its pyr-acid. Now 
racemic and tartaric acid, when destroyed by heat, agree in giving 
birth to one and the same pyr-acid. 

The allatropy of elements has been supposed to throw light upon: 
the multiplication of series of compounds arising from one radical, and 
the isomerism of certain compounds. Fused sulphur passes through 
several allatropic conditions as its temperature is raised, in which it 
is imagined that the equivalent of the element may be doubled, tripled, 
and even quadrupled by a coalition of so many single atoms and the 
formation of compound atoms, which are distinguished as a sulphur, 
3 sulphur, (5 sulphury sulphur,/&e. In the different series of the 
oxygen acids of sulphur, containing one, two, three, and four equiva- 
lents of sulphur, the different allatropic varieties of sulphur are 
imagined to exist. Silicium in its combustible and incombustible 
allatropic conditions may thus give rise to different silicic acids, and 
allatropic borons and tungstens to the isomeric horic and tungstic 
acids. - 


A i ie SHEE, 


SECTION VII.-—ARRANGEMENT OF THE ELEMENTS EN COMPOUNDS. 


The names of some compounds imply that they contam other com- 
pounds, and indicate a certain atomic constitution, while the names 
of other compounds express no particular arrangement of their con- 
stituent atoms, but leave it to be inferred that the atoms are all 
directly combined together. Thus sulphate of soda implies the con- 
tinued existence of sulphuric acid and soda in the salt, while nitric 
acid, or binoxide of hydrogen, supposes no partition of the compound 
to which it is applied. But it is to be remembered that the original 
framers of the nomenclature were guided more by facilities of an 


_ etymological nature, in constructing such terms, than by views of the 


constitution of compounds. 

Of a binary compound containing single atoms of its constituents, 
there cannot be two modes of representing the constitution ; but where 
one of the constituents is present in the proportion of two or more 
atoms, several hypotheses can always be formed of their mode of ag- 
eregation. In a series of binary combinations of the same elements, 
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such as that of nitrogen and oxygen, NO,, NO,, NO,, NO,, NO,, 
the simplest view has generally been taken, namely, that it is the 
elements themselves which unite. But in particular cases the chemist 
is often involuntarily led into another opinion. Thus binoxide of 
nitrogen is so often a product of the decomposition of nitric acid, that 
the acid appears more like a compound of that oxide of nitrogen with 
oxygen, than a compound of nitrogen itself with oxygen. When the 
binoxide of hydrogen was first discovered by Thénard, he was led by 
the whole train of its properties to view it as a compound of water 
and oxygen, into which it is resolved with so much facility, and to 
name it accordingly oxygenated water, which it may be, and not a 
direct combination of hydrogen and oxygen; or its formula be 
HO-+0, and not HO,. The periodide of potassium, and the other 
analogous compounds obtained by dissolving iodine in metallic iodides, 
were first termed toduretted iodides from similar considerations, and 
the hyposulphites, obtamed by dissolving sulphur in sulphites, sz/- 
phuretted sulphites. It may be doubted whether chemists would 
return with advantage to any of these expressions, the views of com- 
position which they indicate beg uncertain, and not offerimg a suf- 
ficient inducement to depart from the more systematic designations. 
The binoxide of hydrogen, for instance, may be easily resolved into 
water and@oxygen, not because water pre-exists m it, but because 
water is a compound of great stability, and is formed when binoxide 
of hydrogen is decomposed. Nitric acid, also, is as likely to be a 
compound of quadoxide of nitrogen with an additional atom of oxygen, 
as of binoxide of nitrogen with three atoms of the same element. 

Certain compound bodies, however, have been observed to act the 
part of a simple body in combination, and can be traced through a 
series of compounds. ‘The following substances, for instance, may be 
represented with considerable probability as compounds of carbonic 
oxide, as in the formule :— 


CO, * carbonic oxide. 

CO+0, carbonic acid. 

CO+Cl, chloroxicarbonic acid. 
2C0+0, oxalic acid. 


Carbonic oxide is said to be the radical of this series, a name 
applied to any compound which is capable of combining with simple 
bodies, as carbonic oxide appears to do with oxygen and chlorine in 
these compounds. Messrs. Liebig and Wéhler first proved by decisive 
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experiments that such a radical exists im the benzoic combinations, 
which may be represented thus :— 


C,, H; O,+0, benzoic acid. 
C,, H,; 0O.+H, essential oil of bitter almonds. 
C,, H; O,+Cl, chloride of benzoyl, &c. 


Cyanogen was the first recognised member of the class of compound 
radicals, of which the number known to chemists is constantly in- 
creasing, and which appear to pervade the whole compounds of 
organic chemistry. In combimimg with simple bodies, radicals act 
the part of other simple bodies, such as metals, chlorine, oxygen, &c. 
which they replace in compounds. 

With the elements themselves compound radicals may be divided 
into two great classes :— 

The Basy/ class, consisting of metals the oxides of which are 
bases, hydrogen, and the corresponding compound radicals, ammo- 
nium, ethyl, &c. These are electro-positive bodies. 

The salt-radical class—chlorine, sulphur, oxygen, &c., with cya- 
nogen and other compound radicals which combine with metals and 
other members of the former class, and form salts or compounds 
partaking of the saline character. Such radicals, are also termed 
salogens ; they are electro-positive: gat rot, 

Constitution of salts —Of the ened Soh peeations of binary 
compounds with binary compounds, the most numerous and important 
class are salts. Sulphate of soda is commonly viewed as a direct 
combination of sulphuric acid and soda, each preserving its proper 
nature in the compound; and so are all similar compounds of an acid 
oxide with a basic oxide. An oxygen acid is allowed to exist in them, 
and they are particularly distinguished as “ oxygen-acid salts.” But 
an opinion was promulgated long ago by Davy, that these salts migh 
be constituted on the plan of the: binary compounds of the former 
class, and their hydrated acids on the plan of a hydrogen acid; a 
view which is supported by many analogies, and has latterly had a 
preference given to it by some of our leading chemical authorities. 
It is, therefore, deserving of serious consideration. 

One class of acids, the hydrogen acids, and the salts which they 
produce with alkalies, are unquestionably binary compounds, and 
were assumed by Davy as the types of acids and salts in 
general. Hydrochloric acid is composed of two elements, chlorine 
and hydrogen, and with soda it forms water and chloride of sodium, 
thus :-— 
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Hydrochloric acid ate = Water. 


Oxygen . 

a ia {Sodium , >> Chloride of sodium. 
the hydrogen of the acid being replaced by sodium in the salt formed. 
Hydrocyanic is another hydrogen acid, of which cyanide of sodium is 
a salt. In general terms, a radical (which may be either simple or 
compound, like chlorine or cyanogen) forms an acid with hydrogen, 
and a sa/é with sodium or any other metal. 

Hydrated sulphuric acid, which consists of sulphuric acid and an 
atom of water, HO+SO,, is represented as a hydrogen acid by 
transferring the oxygen of the water to the sulphuric acid to form a 
new radical, SO,, which is supposed to be in direct combination with 
the remaining atom of hydrogen, as H+SO,. In sulphate of soda, 
the oxygen of the soda is in the same manner transferred to the acid, 
or the formula of the salt is changed from NaOQ+SO, to Na+SQ,. 
To SO,, the salt-radical of sulphates, the name swdphion has been 
applied, from the circumstance that, in the voltaic decomposition of a 
sulphate, SO, travels to the positive pole, and the metal or hydrogen 
to the negative pole. Its compounds, or the sulphates, become 
sulphionides. The hydrated acid and its soda salt are thus named 
and denoted on the two views of their constitution— 


I. ON THE ACID THEORY: 


Hydrated sulphuric acid, sulphate of oxide of 
hydrogen, or hydric sulphate . HO+SO, 
Sulphate of soda, sulphate of oxide of sodium, 


or soda sulphate : F J F . NaO+S8SO, 
Il. ON THE SALT-RADICAL THEORY : 
Sulphionide of hydrogen - : eerie OU), 
Sulphionide of sodium . ‘ ; . Na+80, 


which last formule are strictly comparable with those of an admitted 
hydrogen acid and its salt, such as— 


Hydrochloric acid or chloride of ted eu ae 

Chloride of sodium : ; . Na+Cl 
or as— 

Hydrocyanic acid or ga of pete: . H+C,N 

Cyanide of sodium : . Na+C,N 


which thus appear compounds of three different radicals, chlorine (Cl), 
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cyanogen (C,N), and sulphion (SO,), with the same elementary , 
bodies, hydrogen and sodium. Sulphion is known only in combina- 
tion, and has not been obtained in a separate state like chlorine and 
cyanogen. ‘The body, sulphuric acid, SO;, which may be separated 
from some sulphates, and can exist by itself, is looked upon as a 
product of the decomposition of these salts, and not to pre-exist in 
them, so that. a secondary character is assigned to it. 

Hydrated nitric acid, or aqua fortis, becomes a hydrogen acid by 
the creation of a nitrate radical, nitration. It is the nitrationide of 
hydrogen instead of the nitrate of water— 


H+NO,, instead of HO+NO,. 


The nitrate of potash becomes the nitrationide of potassium, and so 
of all other nitrates. The existence of nitration is hypothetical, as it 
has not been insulated; but, in this respect, it is not situated other- — 
wise than nitric acid itself, which cannot be exhibited in a separate 
state, and is believed to be capable of existing only in a state of 
combination. 

It is evident that the sarhe view is applicable to hydrated oxygen 
acids in general, which may be made hydrogen acids, by assuming 
the existence of a new salt-radical for each, containing an atom more 
of oxygen than the oxygen acid itself, and capable of combining 
directly with hydrogen and the metals. The class of oxygen acid 
salts is thus abolished, and they become binary compounds like the 
chlorides and cyanides. Even oxygen acids themselves can no longer 
be recognized. It is not sulphuric acid (SO,), but what was formerly 
viewed as its compound with water, that is the acid, and it is a 
hydrogen acid. The properties which characterize acids are un- 
doubtedly only observed in the hydrates of the oxygen acids. Thus 
the anhydrous sulphuric acid does not redden litmus, and exhibits a 
disposition to combine with salts, such as chloride of potassium and 
sulphate of potash, rather than with bases. The liquid carbonic acid ~ 
has little affinity for water, does not combine directly with lime, but 
dissolves in alcohol, ether, and essential oils, like certain neutral 
bodies. It is only when assoeiated with water that the bodies re- 
ferred to exhibit acid properties, and then hydrogen acids may be 
produced. 

On this view, it is obvious that the acid and salt are really bodies 
of the same constitution, hydrochloric acid being the chloride of 
hydrogen, as common salt is the chloride of sodium, and sulphuric 
acid and sulphate of soda being the sulphionides of hydrogen and of 
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sodium. The acid reaction and sour taste are not peculiar to the 
hydrogen compound, and do not separate it from the others; the 
chloride, sulphionide, and nitrationide of copper being nearly as acid 
and corrosive as the chloride, sulphionide, and nitrationide of hydro- 
gen, and clearly bodies of the same character and composition: they 
are all equally salts in constitution. The term “ acid” is not abso- 
lutely required for any class of bodies included in the theory, and 
might, therefore, be dropped, if it were not that an inconvenience 
would be felt in having no common name for such bodies as anhy- 
drous sulphuric acid SO, anhydrous nitric acid NO;, sulphurous 
acid SO,, carbonic acid CO,, &c. To these substances, which first 
bore the name, it should now be confined. In considering the 
generation of salts, three orders of bodies would be admitted, as in 
the following tabular exposition of a few examples :— 


ig Ee TIL. 
The Acid. The Salt-radical. The Salt. 


SO, Shs SO, rie, 8O,+ H or a metal. 

pie Cs INO gtaeek tat NO,+ H or a metal. 
ee te NC,+H or a metal. 
Cl is Cl+H or a metal. 


The first term of the series, or “ the acid,” is wanting in the last two 
examples ; and that is the peculiarity of those bodies which consti- 
tuted the original class of hydrogen acids and their salts: while, to 
the old class of oxygen acid salts, both an acid and a salt-radical can 
be assigned, as in the first two examples. 

The peculiar advantages of the salt-radical theory are— 

First: That, instead of two, it makes but one great class of salts, 
assimilating in constitution bodies which certainly resemble each other 
in properties. Chloride of sodium and sulphate of soda are both 
neutral, and possess a common character, which is that of a soda salt ; 
but they are separated widely from each other on the view of their 
constitution which is expressed in their names. 

Secondly: It accounts for a remarkable law which is observed in 
the construction of salts; namely, that bases always combine with as 
many atoms of acid as they themselves contain of oxygen ; a protoxide, 
which contains one atom of oxygen, combining and forming a neutral 
salt with one atom of an oxygen acid; while an oxide which contains 
two atoms of oxygen to one of metal, like binoxide of palladium, 
forms a neutral salt with two atoms of acid; and an oxide of three 
atoms of oxygen to two of metal, like sesquioxide of iron, forms a 
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neutral salt with three atoms of acid. The acid and oxygen are thus 
always together in the exact proportion to form the salt-radical, there 
being always an atom of oxygen for every atom of acid in the salt. 
This will appear more distinctly in the following formule, which 
exhibit the composition of the neutral sulphates of a metal in four 
different states of oxidation, an atom of metal being represented 
by R:— 
FORMULE OF NEUTRAL SULPHATES. 


I. TI. 
As consisting of As consisting of Metal 
Oxide and Acid. and Salt-radical. 


RO+S80, .. R+80, .. as in sulphate of soda. 
R,O+80, .. R,+S80,°.. asin sulphate of sub- 
oxide of mercury. 
RO,+ 280, .. R+280O, .. asin sulphate of bin- 
oxide of palladium. 
R,O,+38S5S0, .. R,+38S0,.. asinsulphate of sesqui- 


oxide of iron. 


The acid is seen in the first column to be always in the proper pro- 
portion to form a sulphionide of the metal in the second column; 
and these sulphionides correspond exactly with known chlorides, such 
as R Cl, R, Cl, R Cl,, R, Cl. 

Thirdly: It offers a more simple and philosophical explana- 
tion of the action of certain metals upon acid solutions, and of the 
decomposition of such solutions in other circumstances. Thus when 
zinc is introduced into hydrochloric acid (chloride of hydrogen), it 
is allowed on both views, that the metal simply displaces the 
hydrogen which is evolved, and that chloride of zinc is formed 
in the place of chloride of hydrogen. In the same way, when zinc 
is introduced into diluted sulphuric acid, which contains the 
sulphionide of hydrogen on the binary theory, hydrogen is simply 
displaced and evolved as before, and the sulphionide of zinc is formed 
in the place of the sulphionide of hydrogen. The metal im question 
appears to be incapable of decomposing pure water by displacing its 
hydrogen at the temperature of the air; but this fact does not 
interfere with the preceding explanation, as zinc may have a greater 
affinity for sulphion than for oxygen, and, therefore, be capable of 
decomposing the sulphionide, but not the oxide of hydrogen. If the 
acid solution, however, contains sulphate of water, as it does on the 
old view, then zinc does and does not decompose water; decom- 
posing it when in combination, but not when free. It becomes 


- CONSTITUTION OF SALTS. 191 


necessary to assume that the presence of the acid enhances the 
affinity of the metal for the oxygen of the water, in a 
manner which cannot be clearly explained; for the solubility of 
oxide of zine in the acid, to which the influence of the acid is often 
ascribed, accounts for the continuance of the action, by providing 
for the removal of the oxide, rather than for its first commencement. 
The phenomena of the decomposition of an acid solution m the 
voltaic circle, are also most simply explained on the salt-radical 
theory. Oxide of hydrogen and sulphionide of hydrogen, are both 
binary “ electrolytes,’ which are decomposed in the voltaic circle in 
the same manner, although not with equal facility ; the common 
element, hydrogen, proceeding from both to the negative electrode, 
and oxygen in the one case and sulphion in the other to the positive 
electrode. The sulphion finds water there, and resolves itself into 
sulphionide of hydrogen and free oxygen. The decomposition of 
the sulphionide of sodium or any other salt may be explained in the 
same simple manner; while on the other view, it must be assumed 
that a simultaneous transference between the electrodes of acid and 
alkali with the oxygen and hydrogen of water takes place; and the 
effect of the acid in promoting the decomposition of the water 
remains unaccounted for. 

When a metallic oxide is dissolved in an acid solution, as oxide of 
zinc in diluted sulphuric acid, the reaction which occurs is thus 
explamed on the binary theory : 


Sulphionide of | ELV rOge nt heeiens—- <~ Water. 


hydrogen .(Sulphion ._ _~ 
: Oxygem- > 
Oxide of zinc. Tine. BNA Sulphionide of zinc ; 


as in the reaction between the same oxide and hydrochloric acid 
(page 187). 

The chief objections to the salt-radical theory, are— 

First: The creation of so many hypothetical radicals ; namely, one 
for every class of oxygen-acid salts. But it is to be remembered 
that the great proportion of oxygen acids, such as nitric, acetic, 
oxalic, &c. are equally of an ideal character, and cannot be exhibited 
im a separate state. | 

Secondly: The peculiarities of the salts of phosphoric acid which 
are supposed to be inimical to the new view. That acid forms 
three different and independent classes of salts, containing respec- 
tively one, two, and three, equivalents of base to one of acid. On 
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the binary theory, these three classes of salts must contain three 
different salt-radicals, combined respectively with one, two, and 
three equivalents of hydrogen or metal. The three phosphates of 
water and the corresponding phosphionides of hydrogen would be 
represented as follows :— 


I. II. I. 
HO+PO; 3. 2HOS POS x sho PO: 
H+PO, » | EO, +. et ee ae 


Such salt-radicals and such compounds with hydrogen startle us, from 
their novelty, but it may be questioned whether they are really more 
singular than the anormal classes of phosphates, containing several 
equivalents of base, for which they are substituted, but which we have 
been more accustomed to contemplate. All the salt-radicals known 
in a separate state, such as chlorine and cyanogen, combine with one 
equivalent only of hydrogen, or are monobacylous, but it would be 
unfair to assume in the present imperfect state of our knowledge 
that other salt-radicals may not exist, capable of combining with two 
or three equivalents of hydrogen, as the’ phosphate-radicals are sup- 
posed to do. ‘The existence of at least one such radical is highly 
probable, as will afterwards appear. 

Tn conclusion, it may be stated that neither view of the constitu- 
tion of the oxygen-acid salts, (which alone are affected by this dis- 
cussion), rests on demonstrative evidence; they are both hypotheses, 

“and are both capable of explaining all the phenomena of the salts. 
But to whichever of them a speculative preference 1s given, we can 
scarcely avoid using the language of the acid theory, in the present 
state of chemical science. 

Without deciding definitively in favour of one or other of the 
rival theories, it is well to keep in view that the great class of salts 
includes compounds which differ essentially in their capacity of 
analytical decomposition. A certain number of salts contain salt- 
radicals which can be isolated, others oxygen-acids which can be 
isolated, while others have yet afforded neither salt-radical nor acid 
in a separate state. Hence, they may be classed as— 

1. Salts of isolable salt-radicals: chlorides, cyanides, sulpho- 
cyanides, &c. 

2. Salts of isolable acids: sulphates, carbonates, &c. 

3. Salts which contain neither an isolable salt-radical nor an 
isolable acid: nitrates, acetates, hyposulphites, &c. Hven admitting 
that all salts have the same constitution, the capability of breaking 
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up in such different ways must affect their modes of decomposition 
in different circumstances, and produce differences in properties 
which render such distinctions important. 

It has become further necessary to recognize three classes of 
oxygen-acid salts, which in the language of the acid theory contain 
one, two, and three equivalents of base to one of acid. 

1. Monobasic salts.—The great proportion of acids, such as 
sulphuric, nitric, &c. neutralize but one equivalent of base, or more 
correctly combine in the proportion of one equivalent of acid to each 
equivalent of oxygen in the base, and form, therefore, monobasic 
salts. (See formule of the neutral sulphates, page 190.) But this 
is not inconsistent with an acid forming two series of salts with the 
same base or class of isomorphous bases. Thus there appear to be 
two well-marked classes of sulphates of the magnesian oxides, which 
agree in having one equivalent of base, but differ essentially in the 
proportions of combined water which they affect. In one series the 
sulphate is combined with one, three, five, or seven equivalents of 
water. Copperas (a sulphate of iron), Epsom salt (a sulphate of 
magnesia), blue vitriol (a sulphate of copper), and most of the well- 
known magnesian sulphates, belong to this class, which may be called 
the copperas class of sulphates. All the members of it are very so- 
luble in water, and form double salts with sulphate of potash. The 
other series affect two, four, and six equivalents of water. ‘They are 
less known, but appear to be of sparing solubility, and to be incapable , 
of forming double salts with sulphate of potash. Gypsum or sul- 
phate of lime belongs to this class, which may, therefore, be called 
the gypsum class of magnesian sulphates. Sulphate of iron is said 
to crystallize from solution in sulphuric acid with two equivalents 
of water, with the crystalline form and sparing solubility of gypsum. 
Dr. Kane obtained a sulphate of copper with four equivalents of 
water, by exposing the anhydrous salt to the vapour of hydrochloric 
acid, which appears to be the second term in this series; and Mit- 
scherlich still maintains the existence of a peculiar sulphate of mag- 
nesia containing six equivalents of water of crystallization, which 
will constitute the third term. It is evident that the cause of such 
double classes of salts is as deeply seated as that of dimorphism, and 
hence, possibly, the magnesian sulphate itself, which exists in the 
two classses, is not the same in its constitution: with reference to 
heat. 

2. Bibasic salts.—That class of phosphates which received the 
name of pyrophosphates, was the first in which one equivalent of 

fa) 
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acid was found to neutralize two equivalents of base; their formule 
being 2RO, PO,. ‘The classes of tartrates and’ racemates which 
have long been known to chemists, are also bibasic salts. It is the 
character of a bibasic acid to unite at once with two different bases 
of the same natural family, which accounts for the formation of 
Rochelle salt, the tartrate of potash and soda, of which the formula 
is KO, Na O0+C, H, O,9. It has also been shown that gallic acid 
is bibasic, the gallate of lead being thus composed: 2Pb O+C, H Os. 
Now if we attempt to make this a monobasic salt by dividing 
the equivalents both in base and acid by two, an equivalent of gallic 
acid would come to contain half an equivalent of hydrogen, which 
Liebig considers as conclusive against the division of its atomic 
weight. Itaconic, comenic, euchronic, fulminic, and several other 
organic bibasic acids, might be named. The compound acids formed 
by the union of two others, and called copulated acids, such as hypo- 
sulphobenzoic acid, are usually of this class. 

3. Tribasic salts. — 'The tribasic phosphates of the formula 
3RO, PO,, have likewise proved to be the type of a class of salts. One 
equivalent of arsenic acid neutralizes three equivalents of base; so, 
it is probable, does one atom of phosphorous acid. ‘'Tannic acid also 
saturates three atoms of base, the formula of the tannate of lead being 
38PbO+C;, H; O, (Liebig). There is the same necessity to admit that 
citric acid is tribasic, and the formula of a citrate 3RO+C,, H; O,,, 
as there is to allow that gallic acid is bibasic. Most of the citrates 
contain two equivalents of fixed base and one of water, but the citrate 
of silver contains three equivalents of oxide of silver. Cyanuric, 
meconic, camphoric, and several other organic acids, are tribasic. 

Two of the three atoms of base in this class of salts may be dif- 
ferent, as is observed in certain citrates, cyanurates, and phosphates, 
or the whole three may be different, as in the phosphate called 
microcosmic salt, which contains at once soda, oxide of ammonium, 
and water as bases*. Two or more of the bases may likewise be iso- 
morphous, or at least belong to the same natural family as soda and 
oxide of ammonium, water, and magnesia. 

Salts usually denominated Subsalts.—The preceding classes of 
salts, and many other bodies also, are capable of combining with a 
certain proportion of water, generally vaguely spoken of as water of 
crystallization. The compounds of the present class appear to be 


* Tnquiries respecting the Constitution of Salts; of oxalates, nitrates, phosphates, 
sulphates, and chlorides. Phil. Trans. 1837, page 47. 
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salts which have assumed a fixed metallic oxide in the place of this 
water. They may, therefore, be truly neutral in composition, the 
excess of oxide not standing in the relation of base to the acid. It 
appears that the formule: of the nitrates named are as follows :— 


Nitrate of water (acidofsp. gr.1°42).. HO, NO;+38HO. 


Nitrate of copper (prismatic) . CuO, NO;+3HO. 
Nitrate of copper (rhomboidal) . CuO, NO,+6HO. 
Subnitrate of copper. . CuO, NO,+38(Cu O, HO). 


‘I have distinguished as constitutional the three atoms of water which 
exist in these and all the magnesian nitrates, and which are replaced 
by three atoms of hydrated oxide of copper in the subnitrate of copper, 
which is therefore a nitrate of copper, with the addition of con- 
stitutional (not basic) oxide of copper; a view which is expressed by 
the arrangement of the symbols in its formula. 

The subnitrates of zinc and lead, and probably also those of nickel 
and cobalt, have a similar composition (Gerhardt). A similar corre- 
spondence is observed between the crystallized neutral sulphate of 
copper, and the subsulphate of copper, containing four equivalents 
of oxide of copper, and five of water to one of acid :— 


Sulphate of copper, CuO, SO;, HO+4HO. 
Subsulphate of copper, CuO, SO5, (CuO, HO) + 2 (CuO, HO) +2 HO. 


Three equivalents of water in the neutral salt appear to be repiaced 
by three equivalents of hydrated oxide of copper in the subsalt. The 
remaining 2HO of the latter salt are expelled by a moderate heat, 
while the other 4HO in combination with oxide of copper, are 
extricated by a much higher temperature, and their separation 
attended by a palpable decomposition of the salt, as it aflords a 
portion of soluble neutral salt afterwards to water. The remark is 
made by M. Gerhardt, that the number of such’ subsalts is greatly 
exaggerated, which is quite in accordance with my own observations ; 
few salts combining with an excess of oxide in more than one or two 
proportions. Most subsalts are entirely insoluble in water, but when 
they possess a certain degree of solubility, they may afford other 
analogous subsalts by double decomposition. ©Thus a solution of 
bisubnitrate of lead, PbO, NO; -+ PbO, HO, on the addition of neu- 
tral chromate of potash allows the red bisubchromate of lead, PbO, 
CrO, + PbO, to precipitate. M. Gerhardt, who observed this fact, 
considers that it assimilates the nitrates and pyrophosphates, and 
indicates that the latter are ordinary subsalts. But this is really a 
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coincidence of small importance, while nitric acid affords no bibasic 
hydrate, nor a bibasic salt of soda, as phosphoric acid does. 

Water, oxide of copper, oxide of lead, and the hydrates of these 
metallic oxides, appear to be the bodies most disposed to attach 
themselves to salts in this manner. ‘The strong alkalies, potash and 
soda, are never found in such a relation, or discharging any other 
function than that of base to the acid of the salt. These views of 
subsalts, in which their constitutional neutrality is preserved, have 
been extended to organic compounds. Many neutral organic bodies 
appear to be capable of combining with metallic oxides, particularly 
with oxide of lead—such as sugar, amidin, dextrin, orcin, and they 
generally combine with several atoms of the oxide. Thus in the 
compound of orcin and oxide of lead, C,, H, O,;+5PbO, the orcin 
is combined with five atoms of constitutional oxide of lead, which 
actually replace five atoms of constitutional water, which orcin in its 
ordinary state contains. 

Constitutional water is sometimes replaced by a sa/¢, which never 
happens with basic water. Thus cane sugar may be represented as 
C,, H,, O,;, or rather C,, Ho, O,,; of which one atom of water 
may be replaced by chloride of sodium, and the compound formed, 
C,, H,, O.,+ NaCl. It is to be observed that constitutional water 
is superadded to a salt, and such an element is removed and replaced 
without affecting the structure of the body to which it is attached, 
The replacing substance may also be a compound of a very different 
character from water; for besides metallic oxides and salts, ammonia 
and certain anhydrous acids appear to be capable of attaching them- 
selves to salts, in the same manner as constitutional water. 

A different view of the constitution of subsalts is advocated by 
M. Millon, who assumes the existence of poly-atomic bases, or that 
two, three, four, and even six equivalents of water or a metallic oxide, 
may together constitute a single equivalent of base, and unite as such 
with a single equivalent of acid to form a neutral salt.* 

Salts of the type of red chromate of potash.—Several salts unite 
with anhydrous acids. ‘Thus both chloride of sodium and chloride 
of potasstum absorb and combine with two atoms of anhydrous sul- 
phuric acid without decomposition, when exposed to the vapour of 
that substance. Sulphate of potash also combines with one atom of 
anhydrous sulphuric acid. All these compounds are destroyed by 
water. But the red chromate of potash, generally called bichromate 


* Annales de Chimie et de Physique, xviii. 333. 
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of potash, which consists of chromate of potash together with one 
atom of chromic acid, is possessed of greater stability, as is likewise 
the compound of chloride of sodium or potassium with two atoms of 
chromic acid. Another compound containing one atom of potash 
and three atoms of chromic acid, known as the terchromate of potash, 
may be viewed as a combination of chromate of potash with two 
atoms of chromic acid, and represented by KO, CrO,+2CrO3. The 
bichromate of potash will then be KO, CrO,-+CrOs, and the chromate 
containing chloride of potassium, KC1+2CrO,. The biniodate of 
potash (iodate of water and potash) may be rendered anhydrous, and, 
when so, is a salt of the same class. 

Double salts.—Salts combine with each other, but by no means 
indiscriminately. With a few exceptions, which may be placed out 
of consideration for the present, the combining salts have always the 
same acid—sulphates combining with sulphates, chlorides with 
chlorides. Their bases or their metals, however, must belong to 
different natural families. Thus it may be questioned whether a salt 
of potash ever combines with a salt of soda, certainly never with 
a salt of ammonia. Salts of the numerous metals including hydrogen, 
belonging to the magnesian family, do not combine together. Thus 
sulphate of magnesia does not form a double salt with sulphate 
of lime, with sulphate of zinc, or with sulphate of water; while on 
the other hand salts of this family are much disposed to combine 
“with salts of the potassium family—sulphate of soda, for instance, 
forming double salts with sulphate of lime, sulphate of zinc, and sul- 
phate of water. We have thus the means of distinguishing between 
a double salt, and the salt of a bibasic or tribasic acid. The bisul- 
phate and binoxalate of potash saturated with soda, form sulphates 
and oxalates of potash and soda, which separate from each other by 
crystallization, although the acid salts are themselves double salts of 
water and potash. But the acid fulminate of silver, or the acid 
tartrate of potash (bitartrate), affords only one salt when saturated 
with soda, in which isomorphous bases exist, and which, therefore, 
is a salt of one acid, and not a compound of two salts.. The great 
proportion of the salts which are named super, acid and b7-salts, 
contain a salt of water, and are double salts—such as the supercar- 
bonate of soda (HO, CO,+Na0, CO,), the bisulphate of potash 
(HO, SO, + KO, SO,), and the binacetate of soda: butafew of them 
are bibasic or tribasic salts, containing one or two atoms of water as 
base—such as the salt called bitartrate of potash, or biphosphate 
of potash (2HO, KO + PO,). 

From these observations must be excepted double salts formed by 
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fusion, and many salts formed in highly acid solutions, which are 
scarcely limited in variety of composition ; carbonate of potash fusing 
with the carbonate or sulphate of soda, and sulphate of baryta 
crystallizing im combination with sulphate of water, from solution 
in sulphuric acid. Such salts are decomposed by water, and are 
otherwise deficient in stability, compared with the soluble double 
salts, to which alone the preceding remarks apply. 

There is no parallelism between the constitution of a double salt 
and that of a simple salt itself, or foundation for the statements 
which are sometimes made, that one of the salts which compose a 
double salt has the relation to the other of an acid to a base, and 
that one salt is electro-negative to the other. The resolution of 
a double salt into its constituent salts by electricity, has never been 
exhibited, and is not to be expected, from what is known of 
electrolytic action; while no analogy whatever subsists between 
a double salt and a simple salt on the binary view of the constitu- 
tion of the latter. Besides, the supposed analogy is destroyed by 
what is known of the derivation of double salts. Sulphate of 
magnesia acquires an atom of sulphate of potash in the place of an 
atom of. water, which is strongly attached to it, m becoming the 
double sulphate of magnesia and potash. In the same way, the 
sulphate of water has an atom of water also replaced by sulphate of 
potash, in becoming the bisulphate of potash ; relations which 
appear in the rational formulee of these salts : 


Sulphate of magnesia. : ; : Mg S (H) +6H 
Sulphate of magnesia and potash . : Mg Ss (K S) + 6H 
Sulphate of water (acid of sp. gr. 1.78) . H S (H) 
Bisulphate of potash. , HS (K 8) 


Tt thus appears that a provision exists in sulphate of magnesia 
itself for the formation of a double salt, and that the molecular 
structure is unaltered, notwithstanding the assumption of the ‘sul- 
phate of potash as a constituent. The derivation of the acid oxalates 
likewise throws much light on the nature of double salts. The 
oxalate of potash contains an atom of constitutional water, which is 
replaced by hydrated oxalic acid (the crystallized oxalate of water), 
in the formation of the binoxalate of potash (double oxalate of potash 
and water), or by the oxalate of copper in the formation of the double 
oxalate of potash and copper, as exhibited in the following formule, 
in which the replacing substances are enclosed in brackets to mark 
them as before; : | 
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Oxalate of potash . : ; a8 KACO; (H) : 
Binoxalate of potash . : : wR OCr (Er CC H,) 
Oxalate of potash and copper... KOC, (Cu CC H,) 


Now the anomalous salt, quadroxalate of potash, is derived in the 
same way from the binoxalate, as the binoxalate itself is derived 
from the neutral oxalate, two atoms of water being displaced by two 
atoms of hydrated oxalic acid, thus: 


Binoxalate of potash : K CC, H CC, (2H) 
Quadroxalate of potash . ‘ K CG; HCG, (2HCCH,) 


These examples illustrate the derivation of double salts by 
substitution. The structure of the salts, too, exemplifies what 
may be called consecutive combination. The basis of the last 
mentioned salt, for instance, is oxalate of potash, which is in direct 
combination with oxalate of water. A compound body is thus 
produced which. seems to unite as a whole with two atoms of 
hydrated oxalic acid. This is very different from the direct com- 
bination of all the elements which compose the salt. 

Tn the formation of many other classes of double salts, no substi- 
tution is observed, but simply the attachment of two salts together, 
often of an anhydrous with a hydrated salt, in which case the last often 
carries its combined water along with it, and sometimes acquires an 
additional proportion. Thus in the formula of the double chloride of 
potassium and copper, K Cl+Cu Cl, 2HO, the formule of its consti- 
tuent salts reappear without alteration ; and in that of alum, sulphate 
of potash is found with the hydrated sulphate of alumina annexed, 
of which the water is increased from eighteen to twenty-four atoms. 
In these and all other double salts, the characters of the constituent 
salts are very little affected by their state of union. If one of 
them has an acid reaction, like sulphate of alumina or chloride of 
copper, it retains the same character in combination; and nothing 
resembling a mutual neutralization of the salts by each other is ever 
observed. No heat is evolved in their formation. (Memoirs of the 
Chemical Society, u. 51). 

The compounds of chlorides with chlorides, and of iodides with 
iodides, are numerous, and were viewed by Bonsdorf as simple salts, 
in which one of the chlorides is the acid, and the other the base. 
But such an opinion can no longer be entertained, the chlorides 
themselves being unquestionably salts, and their compounds, there- 
fore, double salts. 
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The combinations of such salts with each other as contain 
different acids are not so well understood, the theory of their forma- 
tion having hitherto been little attended to. They are in general 
decomposed by water, and easily, if the solubility of one of their 
constituents is considerable, as is observed of the compounds of 
iodate of soda with one and with two proportions of chloride of 
sodium, of the biniodate of potash with the sulphate of potash, 
of the oxalate of lime with the chloride of calctum. 

The compound cyanides, which form a considerable class of 
salts, must be excepted from all- the preceding general statements 
in regard to double salts. Cyanides of the same family combine 
together, as cyanide of iron with cyanide of hydrogen; the com- 
pound cyanide also generally consists of three and not of two simple 
cyanides ; and lastly, the properties of compound cyanides are very 
different from those of the simple cyanides which are supposed to 
compose them. ‘The simple cyanide of potassium, for instance, is 
highly poisonous, while the double cyanide of potassium and iron 
is‘as mild in its action upon the animal economy as sulphate of soda. 
But the compound cyanides may be removed from the class of double 
salts, on a speculative view of their constitution which their anomalous 
character led me to propose. It is to be premised that the supposed 
double. proto-cyanide of iron and potasstum (yellow prussiate of 
potash) affords no hydrocyanic acid whatever when distilled with an 
excess of sulphuric acid at a temperature not exceeding 100°; which 
suggests the idea that it does not contain cyanides or cyanogen. 
Assuming the existence of a new compound radical, N, C,, which 
has three times the atomic weight of cyanogen, and may be called 
prussine, and which is also tribasylous or capable of combining with 
three atoms of hydrogen or metal, like the radical of the tribasic © 
class of phosphates, then the compound cyanides assume a constitu- 
tion of extreme simplicity. We have one atom of prussine combined 
always with three atoms of hydrogen or metal in the following salts ; 
in the proto-eyanide of iron and potassium with one of iron and two 
of potassium ; in the compound called ferro-cyanic acid, with one 
of-iron and two of hydrogen ; in Mosander’s salts, with one of iron, 
one of potassium and one of barium, calcium, &c.; with two of iron” 
and one of potassium in the salt which iti nitehcs on distilling the 
yellow prussiate of potash with sulphuric acid at 212°. To many of 
these, parallel combinations might be adduced from the tribasic 
phosphates. © Prussides likewise combine together, producing double 
prussides, such as | 
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Percyanide of iron and potas- 
sium (red prussiateof potash) Fe,, N, Cg+K;, N, C, 
Prussian blue. L . Fe, N, Ce+Fes, N; C, 
Basic prussian blue. . Fe, N;, Cgt+Fe,, N, Cg+Fe, O; 


Formation of salts by substitution.—Chemists have come to 
pronounce less decidedly on theories of the constitution of salts and 
the arrangement of elements in these and other compounds, since 
their attention has been fixed upon the formation of compounds, by 
the substitution of one element for another, without mmjury to the 
original form or type, and often to give a preference to empirical over 
rational formule, while their opmions on chemical constitution were 
suspended. The elementary composition of oil of vitriol, or the a 
hydric sulphate, is expressed by SO, see other by é 
neutral sulphates, are formed by replacing the hydrogen by a metal; = — 
the zinc sulphate, SO, Zn; the sodasulphate,SO, Na. M. Gerhardt,’ 
assuming as a law that the equivalent of all compound bodies gives 
two volumes of vapour, divides the equivalents of the following 
elements by two—nitrogen, phosphorus, chlorine, hydrogen, and all 
the metals; and is thereby enabled to construct substitution formule, 
which are often remarkable for their simplicity. This will appear in Jon WO, fg 
the following selected formule :— , oe 


Formu.La® By M. Geruarpr. 
— (0=8, S=16; the other symbols =half the usual equivalents.) 


I. NITRATES. 


de yegets J 
Hydric nitrate . : oe NO ALT st Monobasyléus I y 
Magnesia nitrate. . NO, Mg ade 
Potash nitrate . 4 WN Og Ka oe 

Il. suLPHATES. | 
Hydric sulphate. pa Lae 
Magnesia sulphate. Be Oa Loe ie 
Potash sulphate : els Oka Bibasylous salts. 


Potash bisulphate  . ge ge ee 
III. TRIBASIC PHOSPHATES. 


Hydric phosphate. % ROME 

Subphosphate of soda re GiuiNas ne 

Phosphate of soda . PO, Na, Enibaswlous palts. 
Biphosphate of soda . # “PODNa oH; 6 
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The preceding groups are symbolized without any division of the 
equivalents used; but M. Gerhardt departs from this practice, when 
necessary, in the wnitary system of notation which he recom- 
mends :— 


Anhydrous alum ‘ , SO (Ka al, 
Pyrophosphate of soda : : : i Oe (Na,) ; 
Subphosphate of soda+HO .  . PO, (Na, H) 


Although a rational formula, strictly speaking, expresses no more 
than a decomposition,—and the rational formule of a compound 
may truly, therefore, be as numerous as the modes of decomposition 
of which it is susceptible,—still much would undoubtedly be lost by 
abandoning such formule for formule which are entirely empirical ; 
unless, indeed, it is found that the uniform practice of exhibiting the 
leading constituent, in the proportion of a single equivalent, should 
bring together different bodies under common formule, which are 
types of useful classification, as M. Gerhardt maintains. 

Salts of Ammonia.—Ammonia is a gaseous compound of one 
equivalent of nitrogen and three of hydrogen, of which the solution 
in water 1s caustic and alkaline, and which neutralizes acids perfectly, 
as potash and soda do. But all its oxygen-acid salts contain, besides 
ammonia, an equivalent of water which is essential to them, and 
inseparable without the destruction of the salt; and with this 
additional constituent they are isomorphous with the salts of potash. 
Hydro-chloric acid also unites with ammonia without losing its 
hydrogen, and the compound or hydrochlorate of ammonia, which is 
isomorphous with the chloride of potassium, contains, therefore, an 
equivalent of hydrogen, besides chlorine and ammonia. On the now 
generally received theory of these salts, the ammonia with this hydrogen, 
or that of the water in the oxygen-acid salts, constitutes a hypothe- 
tical basyl, ammonium (NH,), to which allusion has already been made 
as being isomorphous with potassium. This view of the constitution 
of the salts of ammonia will be made obvious by a few examples :— 


ON THE AMMONIUM THEORY. 


Hydrochlorate of ammonia, HN,, HCl ... Chloride of ammonium, NH,, Cl 
Sulphate of ammonia, NH,, HO, SO, ... Sulphate of oxide of ammonium, NH, O, SO, 
Nitrate of ammonia, NH, HO, NO; _... Nitrate of oxide of ammonium, NH, O, NO; 


The application of this theory to the compounds of ammonia with 
hydrosulphuric acid and sulphur is particularly felicitous. These 
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compounds may be thus represented, and placed in comparison with 
their potassium analogues, NH, being equivalent to K :— 


Sulphide of ammonium . «gl ge eas 
Sulphide of ammonium and hy- 
drogen (bihydrosulphate of 


ammonia) . : ~ reser e. ES 
Tritosulphide of ammonium . NH, 8, PKs 
Pentasulphide of ammonium . NH, S, “yey oe 


Ammonium is supposed to present itself in a tangible form, and in 
possession of metallic characters, in the formation of what is called 
the ammoniacal amalgam. When mercury alloyed with one per 
cent. of sodium is poured into a saturated cold solution of sal ammo- . 

niac (chloride of ammonium), it undergoes a prodigious increase 

of bulk, expanding sometimes from one volume to two hundred 
volumes, without becoming in the least degree vesicular, and acquir- 
ing a butyraceous consistence, while its metallic lustre is not im- 
paired. A small addition is at the same time made to its weight, 
estimated at from 1 part in 2000 to 1 im 10,000, which certainly 
consists of ammonia and hydrogen in the proportions of ammonium. 
The sodium, it is supposed, combines with the chlorine of chloride 
of ammonium, and the liberated ammonium with mercury, so that 
the metallic product is an amalgam of ammonium. It speedily re- 
volves itself again spontaneously into running mercury, ammonia, 
and hydrogen, unless the temperature be reduced so far as to freeze 
it. After all, however, neither isolation nor the metallic character is 
essential to ammonium as an alkaline radical, other basyls bemg now 
admitted, such as ethyl and benzoyl, which have no claim to such 
characters. 7 

Other classes of ammoniacal salts may be formed in which the 
fourth equivalent of hydrogen in ammonium is replaced by a metal 
of the magnesian family,—by copper in particular, which most 
resembles hydrogen. Thus anhydrous chloride of copper absorbs a 
single equivalent of ammonia with great avidity and the evolution of 
much heat, which cannot afterwards be separated from it by the 
agency of heat. The compound appears to be strictly analogous to 
chloride of ammonium, but contaims an equivalent of copper in the 
place of hydrogen. Its formula is NH, Cu, Cl, and it may be named 
the chloride of cuprammonium. This salt and many others are 
likewise capable of combining with more ammonia, which is retained 
less strongly, and has the relation of constitutional water to the salt. 
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The constitution of these combinations will be more minutely con- 
sidered in other parts of the work. 

Amidogen and amides.—The existence of another compound of 
nitrogen and hydrogen (NH,), containing an equivalent less of hy- 
drogen than ammonia, is recognised in an important series of saline 
compounds, although it has not been isolated. ‘These compounds 
are called amides, and hence the name amidogen applied to their 
radical. When potassium is heated in ammoniacal gas, the metal is 
converted into a fusible green matter, which is the amide of potassium, 
while an equivalent of hydrogen is disengaged. Amidogen exists also 
in the white precipitate of mercury formed on adding ammonia to 
corrosive sublimate, the produet being a double chloride and amide 
of mercury (Hg Cl+ Hg NH). 

Amides are produced in an interesting way, by the abstraction of 
the elements of water from compounds of ammonia with oxygen 
acids. Thus, on decomposing oxalate of ammonia by heat, the acid 
losing a proportion of oxygen, and the ammonia a proportion of 
hydrogen, oxamide sublimes, which consists of NH,+2CO. When 
ammoniacal gas and anhydrous sulphuric acid vapour are mixed 
together, a saline substance is produced which dissolves in water, 
but is not sulphate of ammonia, the solution affording no indications 
of sulphuric acid. It is believed to be a hydrated swlphamide, or to 
be constituted thus, NH,, SO0,+HO; a compound which it will be 
observed contains neither ammonia nor sulphuric acid. Similar 
products result from the action of ammonia on dry carbonic acid 
and all the other anhydrous oxygen salts. The difference between 
these compounds and the true salts of ammonia affords an argument 
in favour of the ammonium theory of the latter. 


ANTITHETIC OR POLAR FORMULA. 


Formule for compounds may be constructed to exhibit the 
attraction of the ultimate elements for each other without involving 
any contested theory of the constitution of compounds, and which 
indeed might supersede the consideration of such views, were it not 
that the nomenclature, which it would be inconvenient to alter 
greatly, is founded upon the latter. A certain amount of information 
is given in the ordinary formule by the arrangement of the symbols, 
the symbol of the basylous or positive constituent being placed before 
the symbol of the halogenous or negative constituent, as in HO for 
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water, SO, for sulphuric acid. ‘To carry out this principle farther, 
and make its application more perspicuous, I have suggested the 
writing of a formula in two lines, placing all the negative constituents 
in the upper, and the positive in the lower line :— 

Potash - . 


0; : N 
Water Sulphuric acid ma Ammonia . . = 


a| 2 n\° 
o| =| 0 
oO» 


b 


O 
Carbonic oxide — Hydric oxalate 
2 2 


Cyanogen . Olefiant gas . 


= 


From their construction these formule are named antithetic, the two 
orders of constituents being placed opposite or against each other ; 
or polar, from exhibiting the opposite attractive forces of the elements. 
Several decompositions already referred to, and others, may be made 
more intelligible by their aid. 

Decomposition of ammoniacal salts.-In the decomposition of 
oxalate of ammonia and formation of oxamide, the change consists in 
the abstraction of two equivalents of water from the constituents of 
the salt: the formule being— 

INE Ot OS 20 Ot ara CO) 


Oxalate of ammonia —— 


HetiCae =: Hee: 


oxamide. 


The interesting observation has lately been made by M. Dumas, that 
by distillation with anhydrous phosphoric acid, four equivalents of 
water are separated from oxalate of ammonia, and cyanogen formed. 
Supposing that the formation of oxamide precedes this last decom- 
position, we have— 

ING Wy 2) Oat oon 


— — = — cyanogen. 


Oxamide - 
H, G, Fon, 


It is seen, that although we cannot say that water exists either in 
oxalate of ammonia or in oxamide, still 40 is negative and 4H posi- 
tive in the first of these substances, and 20 negative with 2H positive 
in the second the relation which these elements bear to each other 
in water. The polar relation of these elements, therefore, does not 
require to be subverted, when they are led to unite and take the form 
of water, under the influence of the attraction of phosphoric acid for 
that oxide. It is manifestly a law of decomposition that those de- 
compositions take place most readily which permit the elements to 
continue in their original polar condition and position in the formule; 
the explanation being, that such decompositions are promoted by the 
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peculiar attractions of the ultimate elements for each other as they 
exist in the original compound; or the compound molecule is broken 
up in the direction in which it naturally divides. 

The decomposition by phosphoric acid of other salts of ammonia 
containing acids related to the alcohols, illustrates the same constancy 
of polar relation in the elements before and after the change. Thus, 
formiate of ammonia gives hydrocyanic acid by the abstraction of 
four equivalents of water :— 

Nee, ONE 


— — — = — hydrocyanic acid. 


(abe y's a a 


Formiate of ammonia 


Here the hydrogen of hydrocyanic acid is represented as negative, 
and it can certainly be replaced by chlorine, a negative element, and 
the chloride of cyanogen formed :— 


is. NH ; NC 
Hydrocyanic acid . . —— Chloride of cyanogen . —— 
C, C, 
With a metallic oxide, however, hydrocyanic acid gives a cyanide, 
and then the hydrogen appears positive— 


Hydrocyanic acid . Cyanide of silver 


C,H rein oe 
But hydrocyanic acid is in the lowest degree feeble in its powers as 
an acid, or as cyanide of hydrogen, and its hydrogen appears to be 
just on the limit between the basylous and halogenous character and 
position. | 

Acetate of ammonia distilled with phosphoric acid also loses four 
equivalents of water, like all the ammoniacal salts in question, and 
gives the cyanide of methyl :— 
N 0 03H; a 0; _ H,HN cyanide of 


H; H, ©,..... : Hy. 03 oC,.0 metre 


Acetate of ammonia 


The chloracetate of ammonia in losing 4HO gives a liquid body 
of the composition C,Cl,N :— 
N+ O-O2Clhi 7 Oot lanes 


— 


Hy iG; HJ) “uaa 


Chloracetate of ammonia . 


Here the smgle negative H of hydrocyanic acid is also under the 
positive attraction of the C, of the hydrocarbon, C, H,, a cross 
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attraction, which forms a bond of union between the hydrocyanic acid 
and hydrocarbon, and supports the equilibrium. 
Why is ammonia a base ?—Of ammonia and hydrochloric acid 
the antithetic formule are— 
Cl 
— and — 
3 


There can be little doubt but that when these bodies are united, 
the highly negative chlorine shares, or assumes entirely, the positive 
attraction of the third equivalent of hydrogen in ammonia, which 
there is reason to believe is less powerfully attracted or neutralized 
by the negative nitrogen than the other two equivalents of hydrogen. 
We thus obtain the following formula :— 


N Cl 
H, Hy 


Now the acid character of hydrochloric acid, which is neutralized 
in the salt, depends upon the former substance being a compound 
in which a powerful salt-radical, chlorine, is united with a weak 
basyl, hydrogen. With a powerful basyl, such as potassium, chlorine 
gives a neutral salt, the chloride of potassium. But it is probable 
that the subchloride of hydrogen, H,Cl, if it could exist in a separate 
state, would be an equally neutral salt, for hydrogen belongs to the 
magnesian class of elements, two atoms of which appear to be equi- 
valent to one atom of the potassium class, or HCl to be equivalent 
to KCl, and possibly isomorphous with it. One atom of nitrogen 
there are also grounds for believing to be equivalent in composition 


Hydrochlorate of ammonia 


to two atoms of oxygen, or N=20. Hence the compound As has 
2 


a character of saturation, or polar neutralization, like = or two 


equivalents of water. In ammonia, therefore, the third basylous 
atom of hydrogen may well be considered as unsaturated, and to be 
what imparts a basylous or positive character and activity to the com- 
pound. In metallic oxides which are bases, we have also the positive 
property of the metal imperfectly saturated by the weak negative 
body oxygen, and the positive attraction therefore in excess. 

In the oxygen acids, on the contrary, there is an excess of negative 
attraction from the predomimance of the oxygen element, and it is 
remarkable that in the more powerful acids, such as sulphuric, nitric, 
and chloric, one equivalent of this oxygen is but feebly united, and 
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its negative attraction free to act, like the positive attraction of the 
third equivalent of hydrogen in ammonia. Hence ammonia and 
anhydrous sulphuric acid readily combine :— 


NO AGHaEN 0 OS: 
+. — 
Hyd eee Ha os 


From the action of the affinities exhibited in the last formula, a 
stable equilibrium results; but it is not intended to express that 
amidogen, water, and sulphurous acid, exist ready formed in the 
compound. Indeed, in no case do the formule express actual for- 
mation of subordinate compounds, or anything more than what are 
considered to be the predominating set of attractions among all the 
possible attractions which thé elements have for each other, and all 
of which they continue to exert in some degree. 

In sulphate of oxide of ammonium, the affinities of equilibrium 
are those of the elements of amidogen, suboxide of hydrogen, and 


sulphuric acid :— 


Constituents of Sulphate of Ammonia. Sulphate of Ammonia. 
MiieO. ei N00, 
Hs H S Howie 


In this and all the other oxygen-acid salts of ammonia, the highly 
alkaline oxide H,O appears, and constitutes the point of attachment 
for the acid. Other sources of stability in the sulphate of ammonia 
are—first, the attraction of N for its third atom of hydrogen, which 
is never entirely relinquished, although the latter is more under the 
influence of the O of the water; and, secondly, the attraction of the 
O, of the sulphuric acid for the basylous H,: for these cross 
attractions prevent the division of the compound into subordinate 
compounds under the influence of the predominating affinities first 
enumerated. This salt may be taken asa fair example of the assumed 
mode of formation of compounds, in which the affinities of the 
elementary atoms only are operative, to the entire exclusion of the 
affinities usually assigned to subordinate groups of elements acting 
as compound radicals or quasi-elements. 

Why are arsenic and phosphoric acids tribasic ?2—Phosphoric 
acid, PO;, may be considered, from its properties and mode of for- 
mation, as phosphorous acid, PO; + two equivalents of oxygen less 
strongly combined; and in the same way, arsenic acid, As O,, as 
arsenious acid, As O; + two equivalents of oxygen. Now, when 
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united with a base, which we shall suppose a metallic protoxide, RO, 
_ these two surplus equivalents of oxygen in the phosphoric acid, added 
to the single equivalent of oxygen in the base, convert an equivalent 
of the latter into an acid of the formula RO. Two more equivalents 
of base are required—one to neutralize this RO, and the other to 
neutralize the phosphorous acid, PO,; making three equivalents of 
base to every single equivalent of phosphoric acid. The general 
formula for a so-called tribasic phosphate is, therefore— 


Or, i B05 
RR R P 
and resembles a double sulphate, RO, SO,+ RO, SO. 
OOOO: 
Ca Ca Ca P 


Phosphate 


Tribasic subphosphate of lime (8Ca O, PO,) 


Phosphoric acid appears farther to have the power, when heated 
strongly, of assuming the two equivalents of oxygen referred to into 
a more intimate state of combination, possibly with the loss of a 
portion of combined heat, and gives the class of monobasic meta- 
phosphates. The general formula of a metaphosphate is— 


OFF 
R P 

A pyrophosphate, or so-called bibasic phosphate, is, on this view, 
a compound of a common phosphate and metaphosphate :— 
OF. OO. n err). 
RRR P RacP 
Hence the equivalent of a pyrophosphate contains four equivalents of 
base and two of phosphoric acid—the reason why so many double | 
pyrophosphates appear to exist. 

Phosphoric acid is thus supposed to resemble those conjugate 


organic acids which combine with two equivalents of base, because 
they possess the elements of two different acids. 


Metaphosphate . 


Pyrophosphate 
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Since the existence of simple relations between the combining 
volumes of gaseous bodies was ascertained by Gay-Lussac, various 
P 
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attempts have been made to establish similar relations between the 
measures, as well as the weights, in which bodies, in the liquid and 
solid form, enter into combination. If the atoms of all elements 
had, mm the solid form, the same bulk, their specific gravities would 
be regulated by their atomic weights, and be in the same proportion. 
It was early observed by M. Dumas, that a close approximation to 
this simple ratio holds among the specific gravities of a considerable 
number of isomorphous bodies; but it is by no means general. ‘The 
subject has received its fullest investigation from Professor Schroeder 
of Mannheim,* Dr. Hermann Koppt of Giessen, and Messrs. Playfair 
and Joule.t Much information has been collected, and many curious 
relations in the specific gravities of particular bodies pointed out ; 
but the general deductions drawn can, in general, claim only a certain 
degree of probability. Much of the uncertainty arises from the 
specific gravity of a body in the solid form being often variable be- 
tween rather wide limits. Thus platinum, in a pulverulent state, 
reduced from its oxide and from the double chloride of platinum and 
ammonium respectively, is found to have the specific gravity 17-766 
in the first case, and 21:206 in the second, (Playfair and Joule) ; 
and the effect of compression upon the malleable metals is generally 
very sensible. As the rate of dilatation of different solids and liquids 
by heat is very dissimilar, it is obvious their relations in density may 
also be disturbed or disguised by temperature. 

At present, I shall confine myself to a summary of the results of 
M. Kopp on this subject, which partake least of a speculative cha- 
_racter. The atomic volume, which I substitute for the specific 
- volume of Dr. Kopp, in the following tables, is the volume or measure 
of an equivalent or atomic proportion of the different substances 
enumerated. The calculated density is obtained by dividing the 
atomic weight by this volume. Thus an equivalent of mercury, 1266 
parts by weight, has the volume 93 assigned to it. Now 1266, 
divided by 93, gives 13°6 as the “ calculated” specific gravity, 
which coincides with the specific gravity of mercury actually observed 


* Die Molecularvolume der chemischen Verbindungen im festen und flussigen Zustande : 
Mannheim, 18438. 

+ Bemerkungen zur Volumtheorie, Braunschweig, 1844; Annales de Chimie et de 
Physique, 2e Sér. T. Ixxv. and 3e Sé. T. iv. p. 462. 

+ Memoirs of the Chemical Society of London, vol. ii. p.401; vol. iii. pp. 57 and 199. 
Also, a paper on the Constitution of Aqueous Solutions of Acids and Alkalies, by Mr. 
J. J. Griffin; ibid. p. 155. 
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by Kupffer and others. The atomic volume for oxygen will after- 
wards appear to be 16, or a multiple of that number, and is the 
modulus oF the scale, 


Taste IL. 


Atomic Volume and Specific Gravity of Hlements. 


3 
8 
Substances. E Observed Specific Gravity. 
O 
Antimony .., 6°70 Karsten ; 6°6 Breithaupt; 6° 85 Mus- 
ee chenbroeck. 
Arsenic ..... 5°70, 5°96 Guibourt; 5°62 Karsten; 5°67 
Herapath. 
Bismuth ... 9°88 Thenard; 2°83 Herapath; 9°65 Karsten. 
Bromine . 2°99 Loewig ; 2°97 Balard. 
Cadmium ... 8°66 Herapath; 8°63 Karsten, Kopp; 8°60 
Stromeyer. 
Chlorine ... 1:33 Faraday. 
Chromium. . 5°10 Thomson. 
Cobalt ...... 8°49, Brunner; 8°51 Berz.; 8°71 Lampadius. 
Copper iss. 8°96 Berzelius ; 9°00 Muschenb. ; 8° 7 2 Kar- 
sten. 
Cyanogen About 0°9 Paraday. 
(C70) ae 19°26 Brisson. 
Tridium...... 19°5 Mohs; 23°5 Breithaupt. 
Iodine ...... 4°95 Gay-Lussac. 
fronts 3: 76, 78 Broling; 7°79 Karsten. 
ead: adic 11°33 Kupffer; 11°39 Karsten; 11°35 Hera-| . 
path. 
Manganese.. 6) 8°03 Bachmann; 8°01. John. 
Mercury ... ‘6 | 13°6 Kupffer, Karsten, Cavallo. 
Molybdenum 8°68) 8°62, 8°64 Bucholz. Be 
Nickel ...... 8°41} 8°40 Tourte ; 8°38 Tupputi; 8°60 Brunner. 
Osmium 21°8 . Native ;; 19-5 (?) Thenard. 
Palladium ... PTL ils Wollaston } “T2*T Lowry. 
Phosphorus . 1°77| 1°77 Berzelius. 
Platinum ... 21°6 | 21°0 Borda; 21°5 Berzelius ; 93° 5 (?) Cloud. 
Potassium... 0°84) 0°86 Gay-Lussac, Thenard; 0°87 Sementini. 
Rhodium ... 11:4 | 11:0 Wollaston; 11°2 Cloud. 
Selenium ... 4°30) 4°30, 4°32 Berzelius; 4°31 Boullay. 
pilver*4.6oe 10°4 | 10°4 Karsten. 
Sodium...... 0:99} 0°97 Gay-Lussac and Thenard. 
Sulphur 1:99] 1°99, 2°05 Karsten ; 1°99 Breithaupt. 
de eee 7 28| 7:28 Herapath; 7° 29 Kupffer, Karsten. 
Titanium ... 5°33] 5°38 Wollaston: 5°28 Karsten. 
Tungsten ... 17°1 | 17:2 Allan and Aiken; 17°4 Bucholz. 
AY eee 6°95| 6°92 Karsten; 6°86, 7: 21 Berzelins. 


It will be observed that certain analogous substances possess the 
same atomic volume:—bromine, chlorine, cyanogen, and iodine; 


: 


a 


ot 
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chromium, molybdenum, and. tungsten ; Bobalt copper, iron, man- 
ganese, and nickel; iridium osmium, palladium, platinum, and 
rhodium. 
There are also analogous substances of which the atomic volume 
of one is double that of the other. The volume of an equivalent of 
sp silver is double that of gold, and the volume of potassium double 
that of sodium..." , +64 
When a substance enters into combination, it either occupies its 
own volume, or assumes a new volume, which last may remain con- 
| stant through a class of compounds. Hence the volumes in the 
preceding table are described as the primitive atomic volumes. The 
metals enumerated possess the following atomic volumes in their 
salts :— 


y 7 


Atomic Volume in Salts. 


Ammonium } ; : : .- 218 
Barium ; ; ; : : meee &.03) 
Calclum . : : : ; heciole 
Magnesium : : : : . 40 
Potassium . F ; , ; . 234 
Sodium . ; , : ‘ LLU 
Strontium . : ; { : . 108 


The other metals are supposed to retain their primitive volumes in 
combination. 


Tn explaining the atomic volume of carbonates, it 1s supposed by 
Dr. Kopp that the salt-radical CO, enters into its combinations with 
the atomic volume 151. | 

In the nitrates, the salt-radical NO, is supposed to have the atomic 
volume 358. 

In one class of sulphates, SO, is supposed to have the atomic 
volume 236; in another, the atomic volume 186. 

In the chromates, the atomic volume of CrO, is 228; and, in the 
tungstates, that of WO, is 244. 

The atomic volume of chlorine is 196 in one class of chlorides, 
and 245 in another. 

On combining the atomic volumes of the metals contained in the 
salts with these suppositions for their salt-radicals, the atomic volume 
of the compound is obtained, and the following calculated specific 
gravities :— 
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Tasie II. 


2138 


Atomic Volume and Specific Gravity of Salts. 


CARBONATES. 
Calew 
Atomic Calculated : Observed 
rem oN E Weight. aa Atomic Volume. ie Specific Gravity. 
Cadmium...... 1073 | Cd+CO, | 81+151=232 | 4°63 | 4°42Herapath; 4°49K. 
ROMP ri ds niecve 715 | Fe+CO, | 144+151=195 | 3°67| 3°83 Mohs; 3°87 
Naumann. 
ead ive wna ss 1670 | Pb+CO, | 114+151=265 | 6°30) 6°43 Karsten ; 6°47 
Breithaupt. 
Manganese 722 |Mn+CO, | 44+151=195 | 3°70] 3°55, 3°59 Mohs. 
REL ids c-h. es 1728 | Ag+CO, | 130+151=281 | 6°15) 6:08 Karsten. 
A ree 779 | Zo+CO, | 584+151=209 | 3°73 | 4-44 Mohs; 4°4, 4°5 
Naumann. 
Bar yt .c.dcciss: 1233 | Ba+CO, | 1484+151=294 | 4:19] 4°30 Karsten; 4°24 
Breithaupt ; - 4°30 
Mohs. 
Arragonite 3°00 
Breithaupt ; 2°93 
Lime 632 | Ca+CO, | 60+151=211 | 3-00|4 Mobs 
es . Cale. spar 2.70 
Karsten; 2°72 Beu- 
dant. 
Magnesia...... 5384 | Mg+CO, | 40+151=191 | 2°80) 2°81 Breithaupt ; 
3°00, 3°11 Mohs ; 
2°88, 2°97 Naum. 
Wotash,cccecs. 866 | K+CO, | 234+151=385 | 2°25 | 2:26 Karsten. 
SOUR faye: 667 | Nat+CO, | 180+151=281 | 2°37 | 2°47 Karsten. 
Strontia ...... 923 | Sr+CO, | 108+151=259 | 3°56 | 3°60 Mohs; 3°62 K. 
Dolomite...... 1166 {084 Go" 80.4 181 ¢ 402 | 2:90) 288 Mohs. 
Mesiline ...... 1250 | TET Coe lads 151 ¢ =886 | 3:24) 8°35 Mohs. 
NITRATES. 
: Calcu- 
NITRATES. Weistt. Formula. recs ey tap Observed Specific Gravity. 
Led yas 2071 | Pbh+NO, | 114+358=472| 4°40 | 4°40 Karsten; 4°77 Breit- 
haupt; 4°34 Kopp. 
Silver’, enw 2129 | Ag+NO, | 1380+ 358=488 | 4°36 | 4°36 Karsten. 
Ammonia 1004 | Am+ NO, | 218+ 358 =576 | 1°74 | 1°74 Kopp. 
Baryta > scans. 1634 | Ba+NO, | 143+358=501 | 3°20] 3°19 Karsten. 
Potash, ; wk. 2. 1267 | K+NO, | 2344+ 358=592| 2:14] 2°10 Karst.; 2°06 Kopp. 
Oda sy hbas 1068 | Na+NO, | 180+ 358=488 | 2°19| 2°19 Marx; 2°20 Kopp; 
2°26 Karsten. 
Strontia ...... 1324 | Sr+NO, |108+358=466| 2°84| 2°89 Karsten. 


ye 
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SULPHATES: First cuass. 


. Calcu- 
Atomic Calculated Observed 
es eh Weight. eaten Atomic Volume. hp Specific Gravity. 
Copper’ vss. 997 | Cut SO, | 44+ 236=280 | 3°56 | 3°53 Karsten. 
SUMO acces sas 1953 | Agt SO, | 180+ 236=366 | 5°34 | 5°34 Karsten. 
PIO ohys 654.5 1004 | Znt+ SO, | 58+ 236=294 | 3°42 | 3°40 Karsten. 
DAME I es vnc ss 857 | Cat SO, | 60+286=296 | 2°90 | 2°96 Naumann; 2°93 
Karsten. 
Magnesia...... 759 | Mg+ SO, 40 +-236=276 | 2°75 | 2°61 Karsten. 
S008 | screate 892 | Na+ SO, | 180+ 236=366 | 2°44] 2°46 Mohs; 2°63 K. 
SULPHATES: srconp CLASs. 
Sur sane Atomic een Calculated Sew Observed 
* Weight.) ~°'™™ | Atomic Volume. Sp.Gr Specific Gravity. 
Bo Gm steer 1895 | Pbh+SO, | 114+ 186=300 | 6°32 | 6°30 Mohs; 6°17 Karst. 
Baryiaicscsems 1458 | Ba+SO, | 143+ 186=329 | 4°43 | 4°45 Mohs; 4°20 Karst. 
Pores iMacs: 1091 | K+SO, | 234+ 186=420 | 2°60} 2°62Karst.; 2°66 Kopp. 
Strontia ...... 1148 | Sr+SO, | 108+ 186=294 | 3°90} 3°95 Breithaupt ; 3°59 
Karsten. 
CHROMATES AND TUNGSTATES. 
CHROMATES | : Calcu- 
and oh id Formula. OTe - lated 5 Fre de: + 
TUNGSTATES. a * |Sp.Gr See et 
iA rise ewe 2046 | Ph+CrO, | 114+ 228=342 | 5°98 | 5-95 Breithaupt; 6-00 
Mohs. 
Potash.....0... 1241 | K+CrO, | 234+ 228=462 | 2°69 | 2°64Karst.; 2°70 Kopp. 
Heady iia dedss | 2877 | Pb+WO, | 1144+ 244=358 | 8°04 | 8:0 Gmel.; 8:1 Leonh. 
AWW SS ass 18389 | Ca+WO,| 60+ 244=304 | 6°05 | 6°04 Kars.; 6°03 Meiss. 
CHLORIDES: First crass. 
Cunonrpns, (Atomic! gommnta, | ,,Caleulated [SC Observed 
* |Weight. * | Atomic Volume. Sp Gr Specific Gravity. 
head ©). eee. 1736 | Pb+ Cl 114+ 196=310 | 5°60] 5°68, 5:80 Karsten; 
5°24, 5°34 Monro. 
VED ptvkes sc: 1794 | Ag+Cl 180+ 196=3826 | 5°50 | 5°50, 5°57 Kars.; 5°55 
Boul. ; 5°13 Herap. 
Barium ...... 1299 | Ba+Cl 143+ 196=339 | 3°88 | 3°86 Boul.; 3°70 Kars. 
Sodium ...... 733 | Na+Cl 180+ 196=826 | 2°25 | 2°26 Mohs; 2°15 Kopp; 


2°08 Karsten. 
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CHLORIDES: sEconpD CLASS. 


Calculated Caleu- Observed 
lated 


Atomic 
CHLORIDES, Welshe.|Tormela. | vtomie. Volum sp.Gr. Specific Gravity. 


es ef | 


a | ae fe 


Copper ...... 1234 | 2Cut Cl 88+ 245 =333 | 3°70| 3°68 Karsten. 
1708 | Hg+ Cl 93+ 245 = 338 | 5:05| 5°14Gmel.; 5°43 Boul.; 
5°40 Karsten. 
Mercury ...4] 9974 | gHe+ C1 | 186+ 245=431 | 6-90| 6-99 Karst.; 6°71 He- 
rapath ; 7°14 Boul. 
Ammonium...| 669 | Am+Cl | 218+ 245=463 | 1:44] 1°45 Watson; 1°50 
Kopp; 1°53 Mohs. 


Calcium ...... 698 Cat+ Cl 60+ 245 =305 | 2°29] 2°21, 2°27 Boul.; 1:92 
Karsten. 

Potassium ... 932 R+¥ Cl 234+ 245=479 | 1:94} 1°94 Kopp; 1:92 Karst. 

Strontium ... 989 Sn+ Cl 108+ 245 =353 | 2°80} 2°80 Karsten. 


Tn explaining the specific gravity of oxides, it is necessary to make [ 
three assumptions for the specific volume of oxygen. In the first | 
small class of oxides, the oxygen is contained with the atomic volume 
16; in the second and large class, with the atomic volume 32; and, | 
in the third class, with the atomic volume 64. The metals are sup- 
posed to retain their primitive atomic volumes. | 


Taste III. 
Atomic Volume and Specific Gravity of Oxides. 


FIRST CLASS. 


: Calcu- 
OXIDES, nats Formula. eae eae Lier Observed Specific Gravity. 


| eS 


Antimony . 1006 Sb+20 | 120+382=154 | 6°53} 6°53 Boullay; 6°70 Karst. 

Chromium .. 1003 | 2Cr+380 | 1838+48=186 | 5°39 | 5°21 Wohler. 

Wee ace 935 Sn+20 | 101+382=1838 | 7:03 | 6°96 Mohs; 6°90 Boullay; 
6°64 Herapath. : 
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SECOND CLASS. 


Calcu- 


Atomic Calculated 5 ; 
OXIDES. Weight. Formula. pe rs tae so Gt Observed Specific Gravity. 
Antimony ... | 1913 | 2Sb+380 | 240+96=336| 5°69 | 5°78 Boullay; 5°57 Mohs. 
Bismuth...... 2960 | 2Bi+380 | 270+96=366 | 8:09 | 8°17 Karst.; 8°21 Herap.; 
8°45 Royer and Dum. 
Cadmium 797 Cd+0O 81+32=113 | 7:05} 6°95 Karsten. 
Cobalt ...... 1088 | 2Co+380 | 88+96=184 | 5°64} 5°60 Boullay; 5°32 Herap. 
Copper: wastes 496 Cu+0O 44+32= 76 | 6°53 | 6°43 Karst. ; 6°13 Boul. ; 
6°40 Herapath. 
TEOW, | iach 978 | 2Fe+30 88 +96=184 | 5°31) 5°23 Boullay; 5°25 Mohs. 
1394 Pbh+O | 114+82=146 | 9°55 | 9°50 Boullay; 9°28 Herap. 
9°21 Karsten. 
Lead Sia, 1494 Pbh+20 | 114+64=178 | 8°40 | 8°90 Herap.; 8°92 Karst. 
2889 | 2Pb+30 | 228+96=824 | 8°91 | 8°94 Muschenbroek; 8°60 
Karst. ; 9°20 Boullay. 
Manganese.. 446 Mn+0O 44+32= 76 | 5°87 | 4°73 Herapath. 
Mercury...... 1366 | Hg+0O 93 +382=125 |10°9 | 11:0 Boullay; 11:1 Hera- 
path; 11°2 Karsten. 
Molybdenum. | 799 Mo+20 69 +64=133 | 6°01 | 5°67 Bucholz. 
Eins. Oi 0H 835 So+tO | 101+382=133 | 6°28 | 6°67 Herapath. 
Titanium 504 Ti+ 20 | 57+64=121 | 4°16 | 4°18 Klaproth, 4°20,4°25 
Breithaupt. 
Pine. OS, 6 503 Zn+0O 58 +32= 90 | 5°48 | 5-43 Mohs; 5°60 Boullay; 
5°73 Karsten. 
. ( Fe 44 ES 99 | 4°78, 4°79 Breithaupt ; 
Tmenite..<... 942 { ne + 80 bere 96107) 78 Oe eT a Kapton 
THIRD CLASS. 
: Caleu- 
OXIDES. Weight, Formula. eect Ser Observed Specific Gravity. 
Copper ...... 892 }2Cu+O | 88+ 64=152 | 5°87] 5°75 Karsten, Royer and 
Dumas; 6°05 Herapath. 
Mercury...... 2632 |2Hg +O |186 + 64=250 |10°05| 10°69 Herap.; 8°95 Karst. 
Molybdenum. | 899 | Mo+80} 69+192=261 | 3°44] 3°46 Bergman, Thomson ; 
3°49 Berzelius. 
SILVOr ere Is: 1452 | Ag+O | 88+ 64=194 | 7°48] 7°14 Herapath: 7°25 Boul- 
; lon; 8°26: Karsten. 
Tungsten ...| 1488 | W+80| 69 +192=261 | 5°68} 5°27 Herapath; 6°12 Ber- 


zelius; 7°14 Karsten. 


Dr. Kopp has endeavoured to determine the atomic volume of 


the constituents of many other classes of compounds. 


The specific 


gravity of the compounds of sulphur and arsenic with the metals, of 


water with oxides and salts, of chlorine with the non-metallic elements, 
are explained in a similar manner on a small numberof suppositions. 
He also shows with considerable success that in those isomorphous 
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substances, of which the crystalline form is only similar, and not 
absolutely identical, as the carbonates (p. 162), the observed dif- 
ference between the atomic volumes corresponds with the difference 
between the crystalline forms. The variation in the atomic volume 
is thus manifested by a variation in the crystalline form. 


Wo. « 450, udn., bl. b 
canal ae CHAPTER IV. 


ays eo'e CHEMICAL AFFINITY. 

In the preceding section, compound bodies have been viewed as 
already formed, and existing in a state of rest. The arrangement, 
weights, and other properties of their atoms, have also been examined 
with the relations and classification of the compounds themselves. 
But chemistry is more than a descriptive science ; for it embraces, In 
addition to views of composition, the consideration of the action of 
bodies upon each other, which leads to the formation and destruction 
of compounds. Certain bodies, when placed in contact, exhibit a 
proneness to combine with each other, or to undergo decomposition, 
while others may be mixed most intimately without change. The 
actual phenomena of combination suggest the idea of peculiar attach- 
ments and aversions subsisting between different bodies, and it was 
in this figurative sense that the term affinity was first applied by 
Boerhaave to a property of matter. <A specific attraction between 
different kinds of matter must be admitted as the cause of combination, 
and this attraction may be conveniently distinguished as chemical 
affinity. 

The particles of a body in the solid or liquid state exhibit an 
attraction for each other, which is the force of cohesion, and even 
different kinds of matter have often an attraction for each other, 
which is probably of the same nature, although distinguished as 
adhesion. ‘This force retains bodies in contact which are once 
placed in sufficient proximity to each other. It is exhibited im the 
adhesion of two smooth pieces of lead pressed together, or perfectly 
flat pieces of plate-glass, which sometimes cannot again be separated. 
The action of glue, wax, mortar, and other cements, in attaching bodies 
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together, depends entirely upon the same force. In detaching glue 
from the surface of glass, the latter is sometimes injured, and portions 
of it are torn off by the glue, the adhesive attraction of the two bodies 
being greater than the cohesion of the glass. The property of water 
to adhere to solid surfaces and wet them, its imbibition by a sponge, 
the ascent of liquids in narrow tubes, and other phenomena of capillary 
attraction, and the rapid diffusion of a drop of oil over the surface of 
water, are illustrations of the same attraction between a liquid and a 
solid, and between different liquids. But this kind of attraction is 
deficient in a character which is never absent in true chemical 
affinity—zt effects no change in the properties of bodies. It 
may bind different kinds of matter together, but it does not alter 
their nature. 


oe J), *F¢9 ~The tendency of different gases to diffuse through each other till a 


ea) 
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iform mixture is formed, is another property of matter,—the effect 
of a force wholly independent of chemical affinity. It is certain that 
this physical property is not lost in liquids, and that it contributes to 
that equable diffusion of a salt through a menstruum which occurs 
spontaneously, and without agitation to promote it.* 
Solution.—The attraction between salt and water, which occasions 
the solution of the former, differs in several circumstances from the 
affinity which leads to the production of definite chemical compounds. 
In solution, combination takes place in indefinite proportions, a 
certain quantity of common salt dissolving in, or combining with any 
quantity of water however large; while a certain quantity of water, 
such as 100 parts, can dissolve any quantity of that salt less than 37 


‘parts, the proportion which saturates it. Water has a constant 


solvent power for every other soluble salt; but the maximum 
proportion of salt dissolved, or the saturating quantity, has no re- 
lation to the atomic weight of the salt, and indeed varies exceedingly 
with the temperature of the solvent. The limit to the solubility of 
a salt seems to be immediately occasioned by its cohesion. Water, 
in proportion as it takes up salt, has its power to disintegrate and 
dissolve more of the soluble body gradually diminished; it dissolves 
the last portions slowly and with difficulty, and at last, when satu- 
rated, is incapable of overcoming the cohesion of more salt that may | 
be added to it. The solubility in water of another body in the liquid 


* Jerichau, in Poggendorfi’s Annalen, xxxiv. 613; or Dove and Moser’s Repertorium 
der Physik, i. 96, 1837. 
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state is not restrained by cohesion, and is in general unlimited. 
Thus alcohol, and also soluble salts above the temperature at which 
they liquefy in their water of crystallization, dissolve in water in any 
proportion. Generally speaking, also, those salts dissolve in largest 
quantity which are most fusible, or of which the cohesion is most 
easily overcome by heat, as the hydrated salts ; and among anhydrous 
salts, the nitrates, chlorates, chlorides, and iodides, which are all 
remarkable for their fusibility. In this species of combination, bodies 
are not materially altered in properties ; indeed, are little affected except 
in their cohesion. 

The union also between a body and its solvent differs in a marked 
manner from proper chemical combination in the relation of the bodies 
to each other which exhibit it. Bodies combine chemically with so 
much the more force as their properties are more opposed, but they 
dissolve the more readily in each other, the more similar their pro- 
perties. Thus, metals combine with non-metallic bodies, acids with 
alkalies ; but to dissolve a metal, another metal must be used, such 
as mercury ; oxidated bodies dissolve in oxidated solvents, as the 
salts and acids in water ; while liquids which contain much hydrogen 
are the best solvents of hydrogenated bodies—an oil, for instance, of a 
fat or a resin; alcohol and ether dissolving the essential oils and most 
organic principles, but few salts of oxygen acids. The force which 
produces solution differs, therefore, essentially from chemical affinity 
in being exerted between analogous particles, in preference to particles 
which are very unlike; and resembles more, in this respect, the 
attraction of cohesion. 

A more accurate idea of the varying solubility of a salt at different 
temperatures may be conveyed by a curve constructed to represent it, 
than by any other means. The perpendicular lines in the following 
diagram, indicate the degrees of temperature which are marked below 
them, and the horizontal lines, quantities of salt dissolved by 100 
parts by weight of water. The proportion of any salt dissolved at a 
particular teraperature may be learned by carrying the eye along the 
perpendicular line expressing that temperature, till it cuts the curve 
of the salt, and then horizontally to the column of parts dissolved.* 


* An extensive and very careful series of experiments on the solubility of salts in water 
at different temperatures has been made by M. Poggiale, Ann. de Chim. et de Phys. 
3e Sér. T. viii. p. 463; and the Rapport Annuel of Berzelius, Paris, 1846, p. 18. 
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SOLUBILITY OF SALTS IN ONE HUNDRED PARTS OF WATER. 
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It will be observed that the perpendicular lines advance by 9°, the 
first being 32°, and the last 230°. The solubility of nitrate of potash 
increases from 13 parts in 100 water at 32°, to 80 parts at 118°, or 
very rapidly with the temperature. Sulphate of soda is seen by the 
form of its curve to increase in solubility from 5 parts at 32° to 52 
parts at 92°, but then to diminish in solubility with farther elevation 
of temperature. In this salt, sulphate of magnesia and chloride of 
barium, the solubility is expressed in parts of the anhydrous, and not 
the hydrated salt. The lines of chloride of barium and chloride of 
potassium are parallel, shewing a remarkable relation between the 
solubilities of these two salts, which does not appear in any others. 
The line of chloride of sodium is observed to cut all the lines of 
temperature at the same height, 100 parts of water dissolving 37 


parts of a ae temperatures. 
O° Cfremnival 4 nity a¢ts only at msensible distances, and has no effect 


ae in causing bodies to approach each other which are not in contact, 
oe “Gitering 3 in this respect from the attraction of gravitation, which acts 


at all distances, however great, although with a diminishing force. 
Hence, the closest approximation of fiotileg particles 1s necessary to 
develope their affinities, and produce combination. Sulphur and. 
copper in mass have no effect upon each other, but if both be in a 
state of great division, and rubbed together in a mortar, a powerful 
affinity is brought imto play, the bodies themselves disappear,. and 
sulphuret of copper is produced by their union, with the evolution 
of much heat. The affinity of bodies is, therefore, promoted by every 
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thing which tends to their close approximation; in solids, by their 
pulverization and intermixture, this attraction residing in the ultimate 
particles of bodies ; in gases, by their spontaneous diffusion through 
each other, which occasions a more complete intermixture than is 
attainable by mechanical means ; and between liquids, or between a 
liquid and solid, by the adhesive attraction which liquids possess, which 
must lead to perfect contact, and also by a disposition of liquid bodies 
to intermix, of the same physical character as gaseous diffusion. 
Elevation of temperature has certainly often a specific action in 
increasing the affinity of two bodies, but it also often acts by pro- 
ducing a perfect contact between them, from the fusion or vaporization 
of one or both bodies. Hence, no practice is more general to promote 
the combination of bodies than to heat them together. 

If the affinity between two gases is sufficiently great to begin com- 
bination, the process is never interrupted, but is continued from the 
diffusion of the gases through each other till complete, or at least till 
one of the gases is entirely consumed. Thus, when hydrochloric acid 
and ammoniacal gases, in equal measures, are introduced into a jar 
containing at the same time a large quantity of air, the formation of 
hydrochlorate of ammonia proceeds, the gases appearing to search 
out each other, till no portion of uncombined gas remains. ‘The 
combination of two liquids, or of a liquid and a solid, is also facilitated 
in the same manner by the mobility of the fluid, and proceeds without 
interruption, unless, perhaps, the product of the combination be solid, 
and by its formation interpose an obstacle to the contact of the com- 
bining bodies. But the affinities of two solids which are not volatile 


are rarely developed at all, owing to the imperfection of contact. - 


Even the action of very powerful affinities between a solid and a 
liquid or a gas, is often arrested in. the outset from the physical 
condition of the former. Thus, the affinity between oxygen and lead 
is certainly considerable, for the metal is rapidly converted into a 
white oxide when ground to powder and agitated with water in its 
usual aerated condition ; and in the state of extreme division in which 
lead is obtained by calcining its tartrate in a glass tube, the metal is 
a pyrophorus, and combines with oxygen when cold with so much 
avidity as to take fire and burn the moment it is exposed to the air. 
Iron also, in the spongy and divided state in which it 1s procured, by 
reducing the peroxide by means of hydrogen gas at a low red heat, 
absorbs oxygen with equal avidity at the temperature of the air, and 
takes fire and burns. But notwithstanding an affinity for oxygen of 
such intensity, these metals in mass oxidate very slowly in air, parti- 
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cularly lead, which is quickly tarnished indeed, but the thin coating 
of oxide formed does not penetrate to a sensible depth in the course 
of several years. The suspension of the oxidation may be partly due 
to the comparatively small surface which a compact body exposes to 
air, and which becomes covered by a coat of oxide, and protected from 
farther change; but partly also to the effect of the conducting power 
of a considerable mass of metal in preventing the elevation of tem- 
perature consequent upon the oxidation of its surface. For metals 
oxidate with increased facility at a high temperature, such as the lead 
pyrophorus quickly attains from the oxidation of the great surface 
which it exposes, compared with its weight. The heat from the 
oxidation of the superficial particles of the compact metal, however, 
is not accumulated, but carried off and dissipated by the conducting 
power of the contiguous particles, so that elevation of temperature is 
effectually repressed. It thus appears that the state of aggregation 
of a solid may oppose an insuperable bar to the action of a very 
powerful affinity. 

The affinity of two bodies, one or both of which are in the state of 
gas, is often promoted in an extraordinary manner by the contact of 
certain solid bodies. Thus, oxygen and hydrogen gases may be mixed 
and retained for any length of time in that state without exhibiting 
any affinity for each other, and the gaseous mixture may, indeed, be 
heated in a glass vessel to any temperature short of redness without 
showing any disposition to combine. Butif a clean plate of platinum 
be introduced into the cold mixture, the gases in contact with the 
metallic surface instantly unite and form water; other portions of 
the mixture come then in contact with the platinum, and combine 
successively under its influence, so that a large quantity of the gaseous 
mixture may be quickly united. The temperature of the platinum 
also rises, from the heat evolved by the combination occurring at its 
surface, and the influence of the metal increasing with its temperature, 
combination proceeds at an accelerated rate, till the platinum becoming 
red hot, may cause the combination to extend to a distance from it, 
by kindling the gaseous mixture. Platimum acts in this manner with 
greatest energy when in a highly divided state, as in the form of 
spongy platinum, owing to the greater surface exposed, and the 
rapidity with which it is heated. The metal itself contributes no 
element to the water formed, and is in no respect altered. It is an 
action of the metallic surface, which must he perfectly clean, and is 
retarded or altogether prevented by the presence of oily vapours and 
many other combustible gases, which soil the metallic . surface. 
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Mr. Faraday is disposed to refer the action to an adhesive attraction 

of the gases for the metal, under the influence of which they are 

condensed and their particles approximated within the sphere of their 

mutual attraction, so as to combine. This opinion is favoured by 

the circumstance that the property is not peculiar to platinum, but 

appears also in other metals, in charcoal, pounded glass, and all other 

solid bodies; although all of them, except the metals, act only when 

their temperature is above the boiling point of mercury. But, on 

the other hand, at low temperatures, the property appears to be con- 

fined to a few metals only which resemble platinum in their chemical 

characters ; namely, in having little or no disposition to combine with 

oxygen gas, and in not undergoing oxidation in the air. ‘The action 

of platinum may, therefore, be connected with its chemical properties, 

although in a way which is quite unknown to us. The same metal 

disposes carbonic oxide gas to combine with oxygen, but much more 

slowly than hydrogen ; and it is remarkable that if the most minute 

quantity of carbonic oxide be mixed with hydrogen, the oxidation of 

the latter under the influence of the platinum is arrested, and not 

resumed till after the carbonic oxide has been slowly oxidated and — 

consumed, which thus takes the precedence of the hydrogen in com- _ 

bining with oxygen. This extraordinary interference of a minute 

quantity of carbonic oxide gas, which cannot from its nature be 

supposed to soil the surface of the platinum like a liquefiable vapour, 

seems to point to a chemical, perhaps to an electrical explanation of 

the action of the platinum, rather than to theadhesive attzaction of 

the metal. The ae of alcohoty f ‘the an tae Fike he Ss es eubile, 

and also at a low red heat, is promoted i in the same manner by contact dw. 

with platinum. ae (S80 
Order of affinity.—The affinity between bodies appears to be (fe 

different degrees of intensity. Lead, for instance, has certainly a 

greater affinity than silver for oxygen, the oxide of the latter being 

easily decomposed when heated to redness, while the oxide of the 

former may be exposed to the most intense heat without losing a 

particle of oxygen. Again, it may be inferred that potassium has a 

still greater affinity for oxygen than lead possesses, as we find the 

oxide of lead easily reduced to the metallic state when heated in 

contact with charcoal, while potash is decomposed in the same manner 

with great difficulty. But the order of affinity is often more strikingly 

exhibited in the decomposition of a compound by another body. 

Thus, sulphuretted hydrogen gas is decomposed by iodine, which 

combines with the hydrogen, forming hydriodic acid, and liberates 
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sulphur. The affinity of iodine for hydrogen is, therefore, greater 
than that of sulphur for the same body. But hydriodic acid is de- 
prived of its hydrogen by bromine, and hydrobromie acid is formed ; 
and this last is decomposed in its turn by chlorine, and hydrochloric 
acid produced. It thus appears that the order of the affinity of the 
elements mentioned for hydregen is, chlorine, bromine, iodine, 
sulphur. The order of decompositions, in the precipitation of metals 
by each other from their saline solutions, also indicates the degree of 
affinity. Thus, from the decomposition of the nitrates of the following _ 
metals, the order of their affinity for nitric acid and oxygen may be 
inferred to be as follows :—zinc, lead, copper, mercury, silver; zinc 
throwing down lead from the nitrate of lead, and all the other metals 
which follow it; lead throwing down copper; copper, mercury; and 
mercury, silver ; while nitrate of zinc itself is not affected by any 
other metal, and nitrate of silver is decomposed by all the metals 
enumerated. Bodies were first thus arranged according to the degree 
of their affinity for a particular substance, inferred from the order of 
their decompositions, by Geoffroy and Bergman, and tables of affinity 
constructed, of which the following is an example :— 


fe ty Order of Affinity of the Alkalies and Earths for Sulphurie Acid. 
yn. 


Baryta. 
Strontia. 
Potash. 
Soda. 
Lime. 
Ammonia. 
Magnesia. 


Baryta is capable of taking sulphuric acid from strontia, potash, and 
every other base which follows it in the table,—the experiment being 
made upon stilphates of these bases dissolved in water ; while sulphate 
of baryta is not decomposed by any other base. Lime separates 
ammonia and magnesia from sulphuric acid, but has no effect upon 
the sulphates of soda, potash, strontia, and baryta; and in the 
same manner any other base decomposes the sulphates of the bases 
below it in the column, but has no effeet upon those above it. 
Tables of this kind, when accurately constructed, may convey much 
valuable information of a practical kind, but it is never to be forgotten 
that they are strictly tables of the order of decomposition and of the 
comparative force or order of affinity in one set of conditions only. 
This will appear by examining how far decomposition is affected by 
accessory circumstances in a few cases. 
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\ Circumstances which affect the order of decomposition.——V ola- 
tihty in a body promotes its separation from others which are 
more fixed, and consequently facilitates the decomposition of com- 
pounds into which the volatile body enters. Hence, by the agency 
of heat, water is separated from hydrated salts; ammonia, from its 
combinations with a fixed acid, such as the phosphoric; and a 
volatile acid from many of its salts: as sulphuric acid from the 
sulphate of iron, carbonic acid from the carbonate of lime, &c. 
Ammonia decomposes hydrochlorate of morphia at a low tempera- 
ture, but, on the other hand, morphia decomposes the hydrochlorate 
of ammonia at the boiling point of water, and liberates ammonia, 
owing to the volatility of that body. The fixed acids, such as the 
silicic and phosphoric, disengage in the same way at a high tempera- 
ture those acids which are generally reputed most powerful, and by 
which silicates and phosphates are decomposed with facility at a low 
temperature. Many such cases might be adduced in which the 
order of decomposition is reversed by a change of temperature. The 
volatility of one of its constituents must, therefore, be considered ay 
an element of instability in a compound. 

Decomposition from unequal volatility is, of course, checked by 
pressure, and promoted by its removal and by every thing which 
favours the escape of vapour; such as the presence of an atmosphere 
of a different-sort into which the volatile constituent may evaporate. 
Carbonate of lime is decomposed easily at a red heat, provided a 
current of air or of steam is passing over it which may carry off the 4 
carbonic acid gas, but the decomposition ceases when the carbonate a 
is surrounded by an atmosphere of its own gas; and the carbonate ; 
may even be heated to fusion, in the lower part of a crucible, without 
decomposition. Here the occurrence of decomposition depends en 
bregppneon the existence of a foreign atmosphere into whieh carboni 
acid can diffuse. Nitrates of alumina, and peroxide of iron in solu¢ 
tion, are decomposed by the spontaneous evaporation of their acid, 
even at the temperature of the air; and so is an alkaline bicarbonat 
when in solution, but not when dry. & A change in the composition 4 
of the gaseous atmosphere may affect the order of decomposition, : 
as in the following cases :— 2 Yip mee ee : 

When steam is passed over iron vate a red heat, a portion of it Lote age we. 
is decomposed, oxide of iron being gale and hydrogen gas 
evolved. From this experiment it might be inferred that the ~ 
affinity of iron for oxygen is greater than that of hydrogen. But 
let a stream of hydrogen gas be conducted over oxide of iron at the 

Q 


PO a 


226 CHEMICAL AFFINITY. 


very same temperature, and water is formed, while the oxide of 
iron is reduced to the metallic state. Here the hydrogen appears 
to have the greater affinity for oxygen. But the result is obviously 
connected with the relative proportion between the hydrogen 
and steam which are at once in contact with the metal and its 
oxide at a red heat. When steam is in excess, water is decomposed, 
but when hydrogen is in excess, oxide of iron is decomposed ; 
and why? because the excess of steam in the first case is an 
atmosphere into which hydrogen can diffuse, and the disengage- 
ment of that gas is therefore favoured; but im the second case 
the atmosphere is principally hydrogen, and represses the evolution 
of more hydrogen, but facilitates that of steam. The affinity of 
iron and hydrogen for oxygen at the temperature of the experi- 
ment is so nearly balanced, that the one affinity prevails over the 
other, according as there is a proper atmosphere into which 
the gaseous product of its action may diffuse. This affords an 
intelligible instance of the influence of mass or quantity of 
material, in promoting a chemical change; the steam or the 
hydrogen, as it preponderates, exerting a specific influence, in 
the capacity of a gaseous atmosphere. 

(‘The remarkable decomposition of alcohol by sulphnric acid, 
which affords ether, is another similar illustration of decom- 
position depending upon volatility, and affected by changes. in 
the nature of the atmosphere into which evaporation takes place. 
Alcohol or the hydrate of ether is added in a gradual manner to 
sulphuric acid somewhat diluted, and heated to 280°. In these 
circumstances, the double sulphate of ether and water is formed ; 
water, which was previously combined as a base to the acid, 
being displaced by ether, and set free together with the water 
of the alcohol. The first effect of the reaction, therefore, is_the 
disengagement of watery vapour, and the creation of an atmo- 
sphere of that substance which tends to check its farther evolution. 
But the existence of such an atmosphere offers a facility for the 
evaporation of ether, which accordingly escapes from combination 
with the acid and continues to be replaced by the water, the 
affinity of sulphuric acid for water and for ether being nearly equal, 
till ether forms such a proportion of the gaseous atmosphere as to 
check its own evolution, and to favour the evolution of watery vapour. 
‘Then the sulphate of ether comes in its turn to be decomposed — 
as before, and ether evolved. Hence, both ether and water distil 
over in this process, the evolution of one of these bodies favouring 
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the separation and disengagement of the other. In this description, 
the evolution of water and ether are for the sake of perspicuity 
supposed to alternate, but it is evident that the result of such 
an action will be the simultaneous evolution of the two vapours 
in a certain constant relation to each other. 

Influence of insolubility.—The great proportion of chemical 
reactions which we witness are exhibited by bodies dissolved in 
water or some other menstruum, and are affected to a great 
extent by the relations of themselves and their products to their 
solvent. Thus carbonate of potash dissolved in water is decom- 
posed by acetic acid, and carbonic acid evolved, the affinity of 
the acetic acid prevailing over that of the carbonic acid for 
potash. But if a stream of carbonic acid gas be sent through 
acetate of potash dissolved in alcohol, acetic acid is displaced, 
or the carbonic acid prevails, apparently from the insolubility 
of the carbonate of potash im alcohol. The insolubility of a 
body appears to depend upon the cohesive attraction of its particles, 
and such decompositions may therefore be ascribed to the prevalence 
of that force. 

Formation of compounds by substitution.—It is remarkable 
that compounds are in general more easily formed by substitution, than 
by the direct union of their constituents ; indeed, many compounds can 
be formed only in that manner. Carbonic acid is not absorbed by anhy- 
drous lime, but readily by the hydrate of lime, the water of which is 
displaced in the formation of the carbonate. In the same manner, 
ether, although a strong base, does not combine directly with 
acids, but the salts of ether are derived from its hydrate or 
alcohol, by the substitution of an acid for the water of the 
aleohol. In all the cases, likewise, in which hydrogen is evolved 
during the solution of a metal in a hydrated acid, a simple sub- 
stitution of the metal for hydrogen occurs. 

Combination takes place with the greatest facility of all 
when double decomposition can occur. Thus carbonate of lime 
is instantly formed and precipitated, when carbonate of soda is 
added to nitrate of lime, nitrate of soda being formed at the same 
time and remaining in solution. 


Before Decomposition. After Decomposition. 


Carbonate of soda{ POU Ne d Nitrate of soda. 
Nitric acid . 


Nitrate of lime Se ; Carbonate of lime. 
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Here a double substitution occurs, lime bemg substituted for 
soda in the carbonate, and soda for lime in the nitrate. Such 
reactions may therefore be truly described as double substitu- 
tions as well as double decompositions. They are most com- 
monly observed on mixing two binary compounds or two salts. 
But reactions of the same nature may occur between compounds 
of a higher order, such as double salts, and new compounds be 
thus produced, which cannot be formed by the direct union of 
their constituents. Thus the two salts, sulphate of zine and 
sulphate of soda, when simply dissolved together, at the ordinary 
temperature, always crystallize apart, and do not combine. But the 
double sulphate of zinc and soda is formed on mixing strong solutions 
of sulphate of zinc and bisulphate of soda, and separates by crystalliza- 
tion; the sulphate of water with constitutional water (hydrated acid of 
sp. gr. 1:78) being produced at the same time, and remaining in 
solution. ‘The reaction which occurs may be thus expressed : 


Before Decomposition. After Decomposition. 
HO, SO,+(NaO, SO.) eo iE. SO,+HO 
ZnO, SO,+ (HO) — (ZnO, SO,+Na0, SO, 


in which the constituents of both salts before decomposition 
inclosed in brackets, are found to have exchanged places after 
decomposition, without any other change in the original salts.* 
The double sulphate of lime and soda can be formed artificially 
only in circumstances which are somewhat similar. It is produced 
on adding sulphate of soda to acetate of lime, the sulphate of 
lime, as it then precipitates, carrying down sulphate of soda in the 
place of constitutional water (Liebig). 

Different hydrates of the same body, such as peroxide of tin, 
differ sensibly in properties, and afford different compounds, 
with acids, unquestionably because these compounds are formed 
by substitution. The constant formation of phosphates con- 
taining one, two, or three atoms of base, on neutralising the cor- 
responding hydrates of phosphoric acid with a fixed base, like- 
wise illustrates in a striking manner the derivation of compounds, 
on this principle. Many insoluble substances, such as the earth 
silica, possess a larger proportion of water, when newly precipi- 
tated, than they retain afterwards, and in that high state of 
hydration they may exhibit affinities for certain bodies which 


* On Water as a Constituent of Sulphates, Phil. Mag. 34d series, vol. vi. p. 417. 
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do not appear in other circumstances. Hydrated silica dissolves 
in water at the moment of its separation from a caustic alkali; 
and alumina dissolves readily in ammonia, when produced in 
contact with that substance by the oxidation of aluminum. 
The usual disposition to enter into combination, which silica 
and alumina then exhibit, is generally ascribed to their being in 
the nascent state; a body at the moment of its formation and 
liberation, in consequence of a decomposition, being, it is sup- 
posed, in a favourable condition to enter anew into combination. 
But their degree of hydration im the nascent state may be the 
real cause of their superior aptitude to combine. 

Double decompositions take place without the great evolution 
of heat which often accompanies the direct combination of two 
bodies, and with an apparent facility or absence of effort, as if 
the combinations were just balanced by the decompositions which 
occur at the same time. It is, perhaps, from this cause that the 
result of double decomposition is so much affected by circum- 
stances, particularly by the insolubility of one of the compounds. 
For it is a general law, to which there is no exception, that two 
soluble salts cannot be mixed without the occurrence of decom- 
position, 1f one of the products that may be formed is an insoluble 
salt. On mixing carbonate of soda and nitrate of lime, the 
decomposition seems to be determined entirely by the insolubility 
of the carbonate of lime, which precipitates. When sulphate of 
soda and nitrate of potash are mixed, no visible change occurs, 
and it is doubtful whether the salts act upon each other, but if 
the mixed solution be concentrated, decomposition occurs, and 
sulphate of potash separates by crystallization owing to its inferior 
solubility. , 

It may sometimes be proved that double decomposition occurs 
on mixing soluble salts, although no precipitation supervenes. 
Thus, on mixing. strong solutions of sulphate of copper and 
ehloride of sodium, the colour of the solution changes from 
blue to green, which indicates the formation o cnloride of copper 
and consequently that of sulphate of soda also. Now it is known 
that hydrochloric acid will displace sulphuric acid from the 
sulphate of copper at the temperature of the experiment, while 
sulphuric acid will, on the other hand, displace hydrochloric 
from chloride of sodium. It hence appears that im the pre- 
ceding double decomposition, .those acids and bases unite which 
have the strongest affinity for each other, and the same thing 
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may happen on mixing other salts. But where the order of 
the affinities for each other of the acids and bases is unknown, 
the occurrence of any change upon mixing salts, or the extent to 
which the change proceeds, is entirely matter of conjecture. 

It was the opinion of Berthollet, founded principally upon the 
phenomena of the double decompositions of salts, that decompositions 
are at all times dependent upon accidental circumstances, such as 
the volatility or insolubility of the product, and never result from 
the prevalence of certain affinities over others; and consequently 
that in accounting for such changes, the consideration of affinity may 
be neglected. He supposed that when a portion of base is presented 
at once to two acids, it is divided equally between them, or im the ~ 
proportion of the quantities of the two acids, and that one acid can 
come to possess the base exclusively, only when it forms a volatile 
or an insoluble compound with that body, and thereby withdraws it 
from the solution, and from the influence of the other acid. His 
doctrine will be most easily explained by applying it to a particular 
case, and expressing it in the language of the atomic theory. The 
reaction between sulphuric acid and nitrate of potash is supposed to 
be as follows. On mixing eight atoms of the acid with the same 
number of atoms of the salt, the latter immediately undergoes partial 
decomposition, its base being equally shared between the two acids 
which are present in equal quantities; and a state of statical equili- 
brium is attained in which the bodies in contact are— 


(a) Four atoms sulphate of potash. 
Four atoms nitrate of potash. 
Four atoms sulphuric aeid. 
Four atoms nitric acid. 


The nitrate of potash, it is supposed, is decomposed to the extent 
stated, and no farther, however long the contact is protracted. But 
let the whole of the free nitric acid now be distilled off by the 
application of heat to the mixture, and a second partition of the 
potash of the remaining nitrate of potash is the consequence; the 
free sulphuric acid decomposing the salt till the proportion of the 
two acids uncombined in the mixture is again equal, when a state of 
equilibrium is attained. The mixture then consists of— 3 


(0) Six atoms sulphate of potash. 
Two atoms nitrate of potash. 
Two atoms sulphuric acid. 
Two atoms nitric acid. 
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On removing the free nitric acid as before, a third partition of the 
potash of the remaining nitrate of potash between the two acids on 
the same principle takes place, of which the result is— 


(ec) Seven atoms sulphate of potash. 
One atom nitrate of potash. 
One atom sulphuric acid. 
One atom nitric acid. 


The proportion of the two acids free being always the same. The 
repeated application of heat, by removing the free nitric acid, will 
cause the sulphuric to be again in excess, which will necessitate a 
new partition of the potash of the remaining nitrate of potash, till at 
last the entire separation of the nitric acid will be effected, and the 
fixed product of the decomposition be— 


(d) Hight atoms sulphate of potash. 


Here the affinity of the sulphuric and nitric acids for potash is sup- 
posed to be equal ; and the complete decomposition of the nitrate of 
potash by the former acid, which takes place, is ascribed to the vola- 
tility of the latter acid, which, by occasioning its removal in propor- 
tion as it is liberated, causes the fixed sulphuric acid to be ever in 
eXCess. 

Complete decompositions in which the precipitation of an insoluble 
substance occurs, were explained by Berthollet in the same manner. 
On adding a portion of baryta to sulphate of soda, the baryta de- 
composes the salt, and acquires sulphuric acid, till that acid is 
divided between the two bases in the proportion mm which they are 
present, and at this point decomposition would cease, were it not 
that the whole sulphate of baryta formed is removed by precipi- 
tation. Butanew formation of that salt is the necessary consequence 
of that equable partition of the acid between the two bases in contact 
with it, which is the condition of equilibrium; and the new product 
precipitating, more and more of it is formed, till the sulphate of soda 
is entirely decomposed, and its sulphuric acid removed by an equi- 
valent of baryta. — . | 

According to these views of Berthollet, no decomposition should 
be complete unless the product be volatile or insoluble, as in the 
cases instanced. But such a conclusion is not consistent with obser- 
vation, as it can be shewn that a body may be separated completely 
from a compound, and supplanted by another body, although none 
of the products is removed by the operation of either of the causes 
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specified, but all continue in solution and in contact with each other. 
Thus the salt borax, which is a biborate of soda, is entirely decom- 
posed by the addition to its solution of a quantity of sulphuric acid 
not more than equivalent to its soda, although the liberated boracic 
acid remains in solution; for the liquid imparts to blue litmus paper 
a purple or wine-red tint, which indicates free boracic acid, and not 
that characteristic red tint, resembling the red of the skin of the 
onion, which would inevitably be produced by the most minute quan- 
tity of the stronger acid, if free. But if the borax were only decom- 
posed in part in these circumstances, and its soda equally divided 
between the two acids, then free sulphuric, as well as boracic acid, 
should be found in the solution. The complete decomposition of the 
salt can be accounted for in no way but by ascribing it to the higher 
affinity of sulphuric acid for soda, than that of boracic acid for the 
same base. 

' According to the same views, on mixing together two neutral 
[ salts containing different acids and bases, and which do not precipt- 
' tate each other, each acid should combine with both bases, so as to 

occasion the formation of four salts. Again, four salts, of which the 
acids and bases are all dissimilar, should react upon each other in 
such a way as to produce sixteen salts, each acid acquiring a portion 
of the four bases ; and certain acids and bases, dissolved together in 
certain proportions, could have but one arrangement in which they 
would remain in equilibrio. Hence the salts in a mineral water 
would be ascertained by determining the acids and bases present, and 
supposing all the bases proportionally divided among the acids. But 
this conclusion is inconsistent with a fact observed in the preparation 
of factitious mineral waters, namely, that their taste depends not only 
on the nature of the salts, but.also upon the order in which they are 
added. (Dr. Struve, of Dresden.) Before we can determine how the — 
acids and bases are arranged in a mineral water, or what salts it 
contains, it may therefore be necessary to know the history of its for- 
mation. Instead of supposing the bases equally distributed among 
the acids in mixed saline solutions, it is now more generally assumed 
that the strongest base may be exclusively in possession of the 
strongest acid, and the weaker bases be united with the weaker acids; 
a mode of viewing their composition which agrees best with the 
medical qualities of mineral waters. It thus appears that the doc- 
trines of Berthollet, by which the resulting actions between bodies in 
% contact are made to depend upon their relative quantities or masses, 
and the physical properties of the products of their combination, to 


— 
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the entire exclusion of the agency of proper affinities between the 
bodies, cannot be admitted as a true representation of the actual 
phenomena of combination. | 


CATALYSIS, OR DECOMPOSITION BY CONTACT. 


An interesting class of decompositions has of late attracted 
considerable attention, which, as they cannot be accounted for on 
the ordinary laws of chemical affinity, have been referred by Ber- 
zelius to a new power, or rather new form of the force of chemical 
affinity, which he has distinguished as the Catalytic force, and the 
effect of its action as Catalysis (from kara, downwards, and due, I 
unloosen). A body in which this power resides, resolves others into 


new compounds, merely by contact with them, or by an action of pre-. 


sence, as it has been termed, without gaining or losing anything itself. 
Thus an acid converts a solution of starch (at a certain temperature), 
first into gum and then into sugar of grapes, although no combi- 
nation takes place between the elements of the acid and those of 
the starch, the acid being found free, and undiminished in quantity, 
after effecting the change. The same mutations are produced in a 


- more remarkable manner by the presence of a minute quantity of a 


vegetable principle, d¢astase, allied in its general properties to gluten, 
which appears in the germination of barley and other seeds, and 
converts their starch into sugar and gum, which, being soluble, form 
the sap that rises into the germ, and nourishes the plant. This 
example of the action of a catalytic power in an organic secretion is 
probably not the only one in the animal and vegetable kingdoms, 
forit is not unlikely that it is by the action of such a force that very 
different substances are obtaimed from the same crude material by 
different organs. In animals, this crude material, which is the blood, 
flows in the uninterrupted vessels, and gives rise to all the different 
secretions; such as milk, bile, urine, &c. without the presence of 
any foreign body which could form new combinations. A beautiful 
instance of an action of catalysis was tiaced by Liebig and Wohler 
in the chemical changes which the bitter almond exhibits. The 
application of heat and water to the almond, by giving solubility to 
its emulsin or albuminous principle, enables it to act upon an asso- 
ciated principle, amygdalin, of a neutral character, which then fur- 


nishes bodies so unlike itself as the volatile oil of almcnds, hydro-— 
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cyanic and formic acids. ‘The action of yeast in fermentation is a 
more familliar illustration of a similar power. ‘The presence of that 
substance, although insoluble, is sufficient to cause the resolution of 
sugar into carbonic acid gas and alcohol, a decomposition which 
can be effected by no other known means. Changes of this kind, 
although most frequent m organic compounds, are not confined to 
them. The binoxide of hydrogen is a body of which the elements are 
held together by a very slight affinity. It is not decomposed. by 
acids, but alkalies give its elements a tendency to separate, slow 
effervescence occurring with the disengagement of oxygen, and water 
being formed. Nor do soluble substances alone produce this effect ; 
other organic and morganic bodies, also—such as manganese, silver, 
platinum, gold, fibrm, &c. which are perfectly insoluble—exert a 
similar power. The decomposition, in these instances, takes place 
by the mere presence of the foreign body, and without the smallest 
quantity of it entermg into the new compound; for the most minute 
researches have failed in discovering the slightest alteration in the 
foreign body itself. The liquid persulphide of hydrogen, and a 
solution of the nitrosulphate of ammonia of Pelouze, are decomposed 
in the same way, and by contact of nearly all the substances which 
act upon peroxide of hydrogen. One remarkable difference, indeed, 
is observable, namely, that alkalies impart stability to nitrosulphate of 
ammonia, while acids decompose it, or the reverse of what happens 
with both the bimoxide and bisulphide of hydrogen.* 

The phenomena referred to catalysis are of a recondite nature, and 
much in need of elucidation. The influence of platinum, formerly 
noticed, in disposing hydrogen and oxygen to unite, is probably 
connected with the catalytic power of the same metal, but is at 
present equally inexplicable. It would be unphilosophical to rest 
satisfied by referrmg such phenomena to a force of the existence of 
which we have no evidence. The doctrine of catalysis must be 
viewed in no other light than as a convenient fiction, by which we 
are enabled to class together a number of decompositions not pro- 
vided for in the theory of chemical affinity, as at present understood, 
but which, it is to be expected, will receive their explanation from 
new investigations. It is a provisional hypothesis, like the doctrine 
of isomerism, for which the occasion will cease as the science 
advances. 


* Phil. Mag. 3d Series, vol. x. p. 489. 
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Illustrations from magnetical polarity.—The ideas of induction 
and polarity, which now play so important a part in physical theories, 
were originally suggested by the phenomena of magnetism, which 
still afford the best experimental illustrations of them. <A bar 
magnet exhibits attractive power which is not possessed in an equal 
degree by every particle composing the bar, but is chiefly localized 
in two points at or near its extremities. The powers, too, residing at 
these points are not one and the same, or similar, but different, 
indeed contrary, in their nature ; and are distinguished by the different 
names of Austral magnetism and Boreal magnetism. The opposition 
in the mode of action of these powers is so perfect, that they com- 
pletely negative or neutralize each other when residing in the same 
particle of matter in equal quantity or degree, as they are supposed 
really to exist in iron before it is magnetized ; and they only signalize 
their presence when displaced and separated to a distance from each 
other, as they are in a magnet. A body possessing any such powers 
residing in it, which are not general but local, and not the same 
but opposite, is said (in the most general sense) to possess polarity. 
In the theory of magnetism, it is found necessary to consider a 
magnet as composed of minute indivisible particles or filaments of 
iron, each of which has individually the properties of a separate 
magnet. The displacement or separation of the two attractive 
powers takes place only within these small particles, which are called 
the magnetic elements, and must be supposed so minute that they 
may be the ultimate particles or atoms themselves of the iron. 

A magnetic bar may, , , | 

; therefore, be represented Selewe io 

; elior / 
as composed of minute 
portions, a 6 in fig. 58 
representing one such 
portion; the right hand extremities of each of which possess one 
species of magnetism, and the left hand extremities the other. The 
unshaded ends being supposed to possess austral, and the shaded 
ends boreal magnetism, then the ends of the bar itself, of which these 
sides of the elementary magnets form the faces, possess respectively 
austral and boreal magnetism, and are the austral and boreal poles of 
the magnet. Such, then, is the polar condition of a bar of iron 
possessing magnetism, of which the attractive and repulsive powers 


Austral pole. 
oreal pole 
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residing at the extremities are the results. Of the existence of such 
a structure the breaking of a magnet into two or more parts affords 
« proof, for it forms as many complete magnets as there are parts, 
new poles appearing at all the fractured extremities. A magnetic 
element, it is to be remembered, is itself imsecable, like a chemical 
atom, so that the division must take place between magnetic elements. 

When to the boreal pole B of a magnet (fig. 59), 
which may be of the horse-shoe form, a piece of soft 
iron, a@ b, wholly destitute of magnetic powers, is pre- 
sented, a similar displacement of the magnetic forces of 
its elements occurs asin the magnet itself; or a 6 
becomes a magnet by induction, and may attract and 
induce magnetism in a second bar a 0’; both of 
which continue magnetic so long as the first remains 
in the same position, and under the influence of A B. 
“| These induced magnets must have the same polar 
molecular structure as the original magnet, but their 
magnetism is only temporary, and is immediately lost 
when they are removed from the permanent magnet. The displace- 
ment of the magnetisms in these induced magnets commences at the 
extremity a of a 6, in contact with B, which extremity has the 
opposite magnetism of B, (the different kinds of magnetism being 
mutually attractive,) and is the austral pole of a 6; and 0 is its 
boreal pole. Ofa’ 6’, again, the upper extremity a’, in contact with 0’, 
is the austral, and the lower extremity 5’ the boreal pole, or 2 and 0’ 
have the same kind of magnetic power as the pole B of the original 
magnet, from which they are dependent. A third bar of soft iron 
placed at 0’ is likewise polarized, and the series of induced magnets 
may be still farther extended, but the at- 
tractive powers developed in the different 
members of the series become less and 
less with their distance from the pole B of 
the original magnet. 

A similar set of bars may be connected 
with A (fig. 60), which become tem- 
| porary magnets also according to the same. 
law, the lower extremities of this set being 
austral. On now uniting the lower extre- 
mities of both sets by another bar of soft 
iron a” 6”, (fig. 61), either set renders 
a” 6” a magnet, having its austral pole at 
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a” and its boreal pole at 6”; and acting together, they communicate 
a degree of magnetism to the uniting bar greater than either set pos- 
sessed before they were united. By this connexion, also, the inductive 
actions of each set of bars are brought to bear upon the other, and 
the attractive forces at all their poles are thereby greatly increased. 
‘In the most favourable conditions as to the size and connexion of the 
temporary magnets with relation to the primary magnet, each of the 
former, however numerous, acquires powers equal to those of the 
original magnet. This general enhancement of power in the induced 
magnets has been acquired, therefore, by completing the circle of them 
between A and B. 

Tt is also important to observe, with a view to the future applica- 
tion of the remark, that a single bar of soft iron, or lifter, as 0 a, 
(fig. 62), connecting the poles of a magnet A B, not only acquires 
at d and a equal though opposite powers to the contiguous poles of. 
the magnet, but also reacts by induction on these poles 
themselves in a gradual manner, and increases - their 
magnetism. ‘The original magnetic forces of A and B 
are therefore increased, by the opportunity to act induc- 
tively, which the connecting bar affords them. The 
threads of steel filmgs which are taken up by a magnet, 
(see figure 63) illustrate the inductive action of magne- 
tism, for each grain of steel is a complete magnet, and 
the threads a series of connected magnets. It will be 

observed also that these 

threads diverge from 

Liye each other ; because, 

wy while unlike poles are 

in contact in each 

thread, which attract, 

like poles are in con- 

tact of adjoming threads 

which repel. This repulsion of polar chains by each other, there 
will be occasion again to refer to. 

Atomic representation of a double decomposition.—Chemical 
polarity, although less adapted for exhibition, is still more simple than 
magnetic polarity in its nature, while it is of a more fundamental 
character, and appears to be the basis of all other polarities whatever. 
In a binary compound,—such as chloride of potassium,—there reside 
two attractive powers, opposite in their nature; namely, the halogenous 
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affinity of the salt-radical chlorine, and the basylous affinity of the 
metal potassium. The atomic theory gives form to the molecule 
of chloride of potassium: one atom, Cl, being the seat of 
the halogenous, chlorous, or negative affinity (as we shall also 
call it); and the other atom, K, the seat of the basylous or 
positive affinity. A binary saline molecule is thus entirely similar 
to a magnetic element. We have to deal with two affinities only, 
—the chlorous and basylous. Atoms possessing different affinities 
attract each other; while atoms possessing the same affinity repel 
each other. 

The two binary compounds, hydrochloric acid (chloride of hydro- 
gen) and oxide of lead, when brought into contact, mutually decom- 
pose each other, forming chloride of lead and water: H Cland PbhO= 
Pb Cland HO. At the mstant of acting upon each other, the two 
compound molecules must have a certain relative position. Under 


(1), the basylous hydrogen of the VutetHe le 


hydrochloric acid is presented to (1) 
the basylous lead of the oxide of 


basylous atom of one molecule is 


presented to a halogenous atom in (PR) Su 


the other, H to O in (2), and Cl 
to Pb in (8). These are attractive (0) Pb) (O) 


(2) 
lead, atoms which repel each other. @ 
In (2) and (3), on the contrary, a H ) Gh) Cf, je, a be 


pairs; but, before they can enter hte Was eee 


into new combinations, they must be released from the (4) 
atoms with which they are already combined; which 

can be effected in (4:), the only disposition of the polar G) (Pb) 
molecules in which both attractive poles are together, 

and the actual decompositions and combinations pos- 

sible: Cl is in contact with Pb at the same tame that H is in 
contact with O, allowing the simultaneous formation of Pb Cl and 
HO. This is no more than the expression of a double decomposi- 


tion in the language of the atomic theory. 
It is further to be observed, that, in the original polar molecules 


(4), although approximation and combination are promoted by the 


attraction of the contiguous unlike poles, they are opposed by the 


mutual repulsion of the like poles; Cl repelling O, and Pb repelling 

H. This unfavourable influence of the repulsions is reduced to a 

minimum in the arrangement of several pairs of the hydrochloric acid 
: ; "Guia 
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and oxide of lead molecules to form one circle. In (5), four pairs 

of the polar molecules are symme- = | 
trically placed; HCl alternately wf fe Coluber me Ter , 
with PbO, and the attractive poles ~ (i Magee Ae 

of the different molecules together. 


Affinities tending to a simultane- SO gp 
ous formation of chloride of lead 
and water are equally favoured in e 4 2. 


this arrangement, as in (4) ; eC) 

the mutual repulsion of the a 

atoms,—such as the H and Pb, or 

the Cl and O of the liens 

molecules A and B—1is less, as 

these like atoms are more distant Bea 

from each other in the circular or 

arrangement. Jt is obvious that “ 
the repelling atoms will be more distant the larger the circle, or the ¥ 
more nearly a segment of it approaches to a straight lme. This 
arrangement of many pairs in a circle, being a condition of equi- 

librium, is a necessary one, and must take place in all double decom- 

positions occurring in a liquid where the binaxy molecules are free Pai 5 
to move. The formation of such polar circuits explains the ready Neb. $ Yep 
occurrence of double decompositions ; but it is of still more impor- es 
tance, as being the simplest and most intelligible exhibition of a pe 
voltaic circle. ¢¢ Yel Cebeheccec’ | 
Action of an ac in Act upon two metals in contact.—When a plate 

of zinc is plunged into hydrochloric acid, a chemical change of a 

simple nature ensues; the metal dissolves, combining with the chlorine 

of the acid and displacing its hydrogen, the gas-bubbles of which 

form upon the zinc plate, increase in size, detach themselves, and 

rise through the liquor to its surface. The solution of zinc, when 

effected by its substitution for hydrogen, as in this experiment, is 

attended by a train of extraordinary phenomena, which become 

apparent when a second metal, such as copper, silver, or platinum, is 

placed in the same acid fluid, and allowed to touch the zine, the 

second metal being one upon which the fluid exerts no solvent action, 

or a less action than upon zinc. 

The zinc plate being connected by a metallic wire with a copper 

plate, as represented in fig. 64, and both dipped together in the 
hydrochloric acid, the zine only is acted upon, and dissolves as rapidly 
as before; but much of the hydrogen gas now appears upon, and is 
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discharged from the surface of the copper plate, 

and not from the zinc. The hydrogen, being 
produced by the solution of the zinc, thus ap- 
pears to travel through the liquid from that 
copper metal to the copper. But no current or move- 
ment in the liquid is perceptible, nor any pheno- 
menon whatever to indicate the actual passage 

of matter through the liquid in that direction. 

The transference of the hydrogen must take 
place by the propagation of a decomposition 
through a chain of particles of hydrochloric 

acid extending from the zinc to the copper, and may be conceived 
by the diagram on the margin, in which each pair of associated 
circles marked c/ and / represents 

a particle of hydrochloric acid, 

The chlorine c/ of particle 1 in 
contact with the zinc combining 
copperWith that metal, its hydrogen / 
combines, the moment it is set 
free, with the chlorine of particle 

2, as indicated by the connecting 
tracket below, and liberates the 
hydrogen of that particle, which hydrogen forthwith combines with 
the chlorme of particle 3, and so on through a series of particles of 
any extent till the decomposition reaches the copper plate, when the 
last liberated atom of hydrogen (that of particle 3, in the diagram) 
not having hydrochloric acid to act upon, is evolved and rises as gas 
in contact with the copper plate. | 
It is to be observed that this succession of decompositions and 
recombinations leading to the discharge of the hydrogen at the 
copper, does not occur at all unless that plate be in metallic con- 
nexion with the zinc, by means of a wire, as in the figure, or by the 
plates themselves touching without or within the acid fluid. This 
would seem to indicate that while the decomposition travels from 
the zinc to the copper through the acid, some force or influence is 
propagated at the same time through the wire, from the copper back 


zinc &£ 


Fie. 65. 


zinc 


again to the zinc. That something does pass through the wire in 


these circumstances is proved by its being heated, and by its tem- 
porary assumption of certain electrical and magnetic properties. 
Whether anything material does pass, or it is merely a vibration or 
vibratory impulse, or a certain induced condition that it is propa- 
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gated through the molecules of the wire, of which the electrical 
appearances are the effects, cannot be determined with certainty. 
But a power to effect decomposition, the same in kind as that 
occurring in the acid jar, and which acts in the same sense or 
direction, is propagated through the wire, and appears to be funda- 
mental to all the other phenomena. 

Let the wire, supposed to be of 


Fie. 66. : 
SAT platinum, connecting the zine and 
copper plates, be divided in the 
oe middle, and the extremities A and 
Zine | {cy B of the portions attached to the 


copper and zinc plates respectively 
be flattened into small plates, and 
then dipped at a little distance from 
| each other in a second vessel con- — 
taining hydriodic acid. Iodine will 
soon appear at A, although that ele- 
ment is incapable of combining with 
the substance of the platmum, and hydrogen gas will appear at B. 
If the connecting wire and the small plates A and B were of zinc or 
of copper, the hydriodic acid would be decomposed precisely in the 
same manner, but the iodine as it reached A would unite with the 
metal and form an iodide. »Supposing a decomposing force to have 
originated in the zinc plate, and to have circulated through the 
hydrochloric acid in the jar to the copper plate, and onwards through 
the wires and the hydriodie acid back to the zinc, as indicated by the 
direction of the arrows, then the hydrogen of the hydriodic acid has 
followed the same course, and been discharged against the metallic 
surface to which the arrow points. 
The solution of the zine in hydrochloric acid which developes 
these powers, acting at a distance, is not itself impeded, but on 
the contrary is promoted by exerting such an influence: for, placed 
alone in the acid, that metal scarcely dissolves at all, if pure and 
uncontaminated with other metals, or if its surface has been silvered 
with mercury ; but it dissolves with rapidity when a copper plate is 
associated with it in the same jar, im the manner described. Hence 
the decomposing power which appears between A and B cannot be 
viewed as actually a portion of that which causes the solution of the 
zinc in the hydrochloric acid, for that force has suffered no diminu- 
tion in its own proper sphere of action. | 
BR 
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This combination of metals and fluids is known as the s¢mple 
voltaic circle. 

To explain the phenomena of the voltaic circle, the existence of a 
substantial principle, the electric fluid, has been assumed, of such a 
nature that it is readily communicable to matter, and capable of, 
circulating through the voltaic arrangement, carrying with it peculiar 
attractive and repulsive forces which occasion the decompositions 
observed. A vehicle was thus created for the chemical affinity which 
is found to circulate. But it is generally allowed that this form of 
the electrical hypothesis has not received support from observations 
of a recent date, particularly from the great discoveries of Mr. Fara- 
day, which have completely altered the aspect of this department of 
science, and suggest a very different interpretation of the phenomena. 
All electrical phenomena whatever are found to involve the presence 
of matter, or there is no evidence of the independent existence of 
electricity apart from matter; so that these phenomena may really be 
exhibitions of the inherent properties of matter. The idea of any- 
thing like a circulation of electricity through the voltaic circle 
appears to be abandoned. Llectrical induction, by which certain 
forces are propagated to a distance, is found to be always an action 

‘of contiguous particles upon each other, in which it is unnecessary 
to suppose that any thing passes from particle to particle, or is taken 
from one particle and added to another. The change which a 
particle undergoes takes place within itself, and it is looked upon as 
a temporary development of different powers in different points of 
the same particle. The doctrine of polarity has thus come to be 
introduced into the discussion of electrical phenomena.* 

One reason for retaining the theory of an electric fluid or fluids 
is, that it affords the means of expressing in distinct terms those . 
strictly physical laws which are reputed electrical; and for many 
purposes such an hypothesis is unquestionably useful, if not absolutely 
necessary ; but it has nothing to recommend it in the description of 
the chemical phenomena of the voltaic ‘circle. These admit of a 
perfectly intelligible statement, when viewed as an exhibition of 


* For Mr. Faraday’s views, the eleventh and subsequent series of his Researches, in 
the Philosophical Transactions for 1836, and the following years, may be referred to. 
He has favoured the scientific world with a reprint of the whole series: Faraday’s Expe- 
rimental Researches in Electricity: R. and J. E. Taylor, London, 1839. The subject is 
also systematically treated in the work of the late Professor Daniell, entitled an Intro- 
duction to the Study of Chemical Philosophy, which may be consulted with advantage. 
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ordinary chemical affinity, acting in particular circumstances, without 
any electrical hypothesis. 

Polarity of the arrangement.—lIt is to be assumed that the zinc 
and hydrochloric acid are both composed of particles, or molecules, 
which are susceptible of a polar condition. Of hydrochloric acid, 
the chemical atom is the polar molecule, and it therefore consists of 
an atom of chlorine and an atom of hydrogen associated together. 
The polar-molecule of zinc may be supposed, for a reason which will 
afterwards appear, to consist of a pair likewise of associated atoms, 
which, however, are in this body both of the same-element. The 
powers appearing in a polar molecule of zinc and of hydrochloric acid 
are the same. One pole of each molecule has the basylous attrac- 
tion, or affinity, which is characteristic of zinc, or z¢ncous attraction, 
and miay be called the zincous pole; while the other has the halo- 
genous attraction, or affinity, which is characteristic of chlorine, or 
chiorous attraction, and may be called the chlorous pole. 

Zinc and acid in contact may therefore be represented (fig. 67) 

by trains of associated pairs 


Vie. 67, of atoms. In the mole- 


Zine. Acid 

SEE aa Saaearaee cule of hydrochloric acid B, 

DOOD OKO® which is next the zinc, the 

chlorine atom forms the 
chlorous pole, and is turned towards the zinc, the fluidity of the acid 
allowing its molecule to take that position, which may be indicated 
by inscribing c/ in the circle which represents the chlorine atom. 
The other atom of the molezale B, or the hydrogen, is the opposite, 
or zincous pole, and is marked z. Of the two atoms forming the 
polar molecule A of the zine, the exterior atom which is in contact 
with the acid has thereby zincous attraction developed in it, and 
becomes the zincous pole, “while the interior becomes the chlorous 
pole, as indicated in both by the inscribed letters. This polar 
condition of the zinc must be supposed the necessary and immediate 
consequence of its contact with the polar acid. 

But each of these particles throws a train of particles of its 
own kind into a similar state of polarity: A, the contiguous 
particles E and I of the zinc, and B the contiguous particles 
C and D of the acid. For e/ of A becoming a chlorous pole, 
developes near it in an opposite, or zincous pole in 2 of E, 
and a chlorous pole in c/, the more remote extremity of E; 
in the same manner as the austral pole of a magnet developes, 
by induction, a boreal and austral pole in a piece of soft iron 
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applied to it. And as the induced magnet, thus formed, will react 
upon a second piece of iron, and render it also magnetic, so the 
polarized particle EK renders I similarly polar. The polar arrange- 
ment of the particles C and D of the acid is produced by B in the 
same manner. But as in a series of induced magnets (fig. 59, 
page 236), the magnetism acquired diminishes with the distance 
from the pole of the original magnet, so in trains of chemically 
- polarized molecules, such as A, H, I and B, C, D, the amount 

of polarity developed in each molecule will diminish with the distance 
from the sources of induction A and B; I being polarised to a less 
degree than H, and D than C. 

In the electrical theory of the voltaic circle as modified by 
Mr. Faraday, the zinc and hydrochloric acid are equally supposed 
to have a polarizable molecule. The polarity is also developed in 
these molecules by their approximation or contact. The molecule 
of hydrochloric acid is supposed to contain the positive and negative 
electricities, which possess contrary powers, like the two magnetisms, — 
and are in combination and neutralize each other, in the non-polar 
condition of the molecule. But the contact of zine causes the 
separation of the two electricities in the acid molecule, its atom 
of chlorine next the zinc becoming negative, and its atom of hydro- 
gen positive. ‘The electricities of the zinc molecule are separated 
at the same time, the side of the molecule next the acid becoming 
positive, and the distant side negative. The positive and negative 
sides of the two different molecules are thus in contact, the different 
electricities, like the different magnetisyas, attracting each other. 
Hence, one side of each molecule is said to be positive instead 
of zincous, and the other side to be negative instead of chlorous. 
Polarity of the molecule is supposed in both views, but on one view 
the polar forces are the two electricities, én the other two chemical 
affinities. The difference between the two views is little more than 
nominal, for in both the same powers and properties are ascribed to 
the acting forces. ‘The electricities are supposed to be the cause 
of the chemical affinities, but it may with equal justice be assumed 
that chemical affinities are the cause of the phenomena reputed 
electrical, One set of forces only is necessary for the explanation 
of the. phenomena of combination, and the question is, whether are 
these forces electrical or chemical? Shall electricity supersede 
chemical affinity, or chemical affinity supersede electricity? If the - 
electricities should be retained, in discussing the voltaic circle, their 
names might well be changed, the positive called zincous electricity, ~ 
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and the negative chlorous electricity, which express (as will appear 
more clearly afterwards), the nature of the chemical affinities with 
which these electricities are invested, and of which they are indeed 
constituted the sole depositories. The propagation of the effects to 
a distance is supposed to take place by the polarization of chains of 
molecules, on the electrical as well as chemical theory of the voltaic 
circle ; so that the explanations which follow, although expressed in 
the language bf the chemical theory, are the same in substance as 
those which are given on the electrical theory as now understood. 

If the attractions of the respective zincous and chlorous poles 
of A and B which are in contact, rise to a certain point, the 
atom z of A is detached from the mass of metal, and combines with 
the atom c/ of B, which last atom is disengaged at the same time 
from its hydrogen. Chloride of zinc is produced and dissolves m 
the liquid, while hydrogen is disengaged and rises from the surface 
of the metal; or we have the ordinary circumstances of the solution 
of an isolated mass of zine in hydrochloric acid. 
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Circle with the connecting wire unbroken.—When the zine is 
pure, or its surface amalgamated with mercury, the zincous and 
chlorous attractions of the touching poles of A and B are not suf- 
ficiently intense to produce these effects, and combination does not 
occur. Let a copper plate F G H (fig 68), be then imtroduced 


Fic, 68. 


» ¥ Connecting wire. 


into the acid, and connected by a metallic wire H K I with the zinc. 
The particles of the acid assume chlorous and zincous poles as before; 
so also do those of the zinc, and the chain of polar molecules is 
now continued through the zinc and wire to the copper, the ex- 
_ terior particle F of which, it will be observed, comes thereby to 

-present a chlorous pole to the acid. The contiguous particle D of 

_acid is thus exposed to a second induction from the chlorous polarity 
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of the copper, which increases the zincous polarity of the side of D 
next F, and, therefore, cooperates im enhancing the polar con- 
ditions already assumed by the chain of acid particles extending 
between the two metals. An endless chain or circle of polar mole- 
cules symmetrically arranged is thus formed, such as exists in a 
magnet of which the poles are united by a lifter, m which every 
particle in the chain has its own polar condition elevated by mduction, 
and at the same time does itself react upon and elevate the polar 
condition of every other particle in the chain. ‘The result of this is 
that the primary attraction of the zinc atom of A, for the chlo- 
rine, cd of the hydrochloric acid B, is increased, and attains that 
degree of intensity at which the resistance to the impending com- 
bination is overcome, and the z and c/ of A and B unite. But 
in a circle of polar molecules, in which the condition of any one 
molecule determines and is determined by that of every other, the 
intensity of the polar condition is necessarily the same in every 
element of the circle.. The chemical polarity, therefore, of the other 
particles forming the chain, must increase to an equal degree as 
with A and B, when the circle is completed, and the same change 
must now occur in all of them that has occurred in A and B. The 
pole of B next C is intensely zincous, while that of C next B is in- 
tensely chlorous, whence the chlorine and hydrogen c/ and z of these 
two particles combine together. At the same time, and for the same 
reason, the hydrogen z of C unites with the chlorine c/ of D; and 
so on, through a chain of particles of hydrochloric acid of any length, 
till the copper is reached, when the last acid particle, D in the 
figure, yields its hydrogen z to the chlorous pole of the copper ci. 
But the hydrogen not being eapable of combining permanently 
with the copper, is liberated as gas upon the surface of that 
metal. | 

Some internal change of a similar character appears to take place 
in the chain of polarized molecules extending through the metals 
themselves—a series of molecular detachments and re-attachments, 
among the atoms of their polar molecules, like the decompositions 
and recompositions in the acid, causing evolution of heat and other 
phenomena, generally reputed electrical, which the zinc and copper 
plates and the connecting wire exhibit. 

Amalgamation of the zine plate.—The polar molecule of the 
metals has heen assumed to contain two atoms (like that of the 
acid), with the view of assimilating these intestine changes in the 
solid to those occurring in the fluid portion of the voltaic circuit, and 
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also because it appears to account for the advantage of amalgamating 
the zinc surface. In the amalgamated plate, it is not zinc itself, 
but a chemical combination of mercury and zinc, which is presented 
to the acid, in which mercury is the negative element, and which 
might, therefore, be called a hydrargyride of zinc. That combination 
likewise is fluid. It must constitute the polar molecule, which will 
then consist of an atom of mercury as chlorous pole, and an atom of 
zinc as zincous pole, and not of two atoms of zinc. Such metallic 
molecules being capable of movement from their fluidity will place 
themselves, in forming a polar chain, with their unlike poles together, 
as the fluid acid particles arrange themselves. So that in an amalgam 
of zinc, of which A, E, and I, are polar molecules (fig. 68), all the 
atoms marked c/ are mercury, and those marked z are zinc. It thus 
follows that, when by contact with an acid the amalgam is polarized, 
it presents a face of zinc only to the acid. If the mercury were ex- 
posed to the acid, that metal would completely derange the result, 
acting locally like a copper plate, as will afterwards be explained. 

Dhia “v The previous combination of the zinc (with mercury) likewise pre- 

Gat “fonts that metal from yielding easily to the chlorine of hydrochloric 

yu oh acid; and the zinc of the amalgam is, therefore, not dissolved, till 

Spend the affinities are enhanced by the introduction of a copper plate into 

& truck} the acid, and the formation of a voltaic circle. 

petf . It would thus appear that zinc, associated with copper, dissolves 
more readily in the acid than when alone, because the attraction or 
affinity of the zinc for chlorine is increased by the completion of a 
circle of similarly polar molecules, in the same manner as the 
magnetic intensity at one of the poles of a magnet is increased on 
completing the circle of similarly polarized elements, by connecting 
that pole by means of soft iron with the other pole (Fig. 62, page 
237). 

Although the terms of the electrical hypothesis are at present 
avoided, still it will be convenient to denominate the zinc, being the 
metal which dissolves in the acid, the active or positive metal, and 
the copper, which does not dissolve, the inactive or negative metal 
of the voltaic circle. 

- Looking to the condition of the two connected metals in the acid, 
it will be observed that the surface of the zinc presented to the acid 
has zincous affinity, or is zinco-polar, but the surface of the copper 
presented to the acid has, on the contrary, chlorous affinity, or is 
chloro-polar. Such a condition of the copper is necessary to the 
propagation of the induction; and the advantage of copper or pla- 
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tinum as the negative metal in a voltaic arrangement depends upon 
there being little or no impediment to either of these metals assuming 
the chlorous condition, that can arise from the peculiar affinity of 
the metals named for the chlorine of the acid; an affinity which 
tends to cause them to be superficially zincous instead of chlorous. 
If the second metal were zinc, the surface of it would be disposed to 
dissolve in the acid, and becoming on that account zincous, would 
induce a polarization in the intermediate acid in an opposite sense 
from that induced by the first plate of zinc ; which counter polarizing 
actions would mutually neutralize each other. The acid between the 
two zinc plates would be like a piece of iron comnecting two like 
magnetic poles, which itself is not then polarized. | 

But if one of the two zinc plates were less disposed to dissolve in 
the acid than the other, from the physical condition of its surface, 
from the acid being weaker there, or from any other cause, then the 
plate so situated might become negative to the other, and a voltaic 
circle of weak power be established, in which both metals were zinc. 

Impurity of the zine—lf zinc is alone in the acid, and every 
superficial particle of the metal equally disposed dissolve, then the zine * 
everywhere exposes a surface in a state of zincous polarity; and a 
polar circle in the liquid, starting from one particle of the zine and 
returning upon another, cannot be established, as this requires that 
a part of the zinc surface be chlorous. But if the zinc contams on 
its surface a single particle of copper, a chlo- 
rous pole is created, upon which an inductive 
circle starting from an adjoming particle of zinc, 
A, (fig. 69), and passing through the liquid, may 
return as shewn in the figure. It is the forma- 
eee of such circles that causes impure zinc, 

which is contaminated by other metals, to dis- 

solve so much more quickly in an acid than the 
& pure metal. Why such circles are not formed 
when the positive metal im combination with the 
zinc is mercury, which forms a fluid alloy, has 
ca been accounted for ; and the nature of the evil which might 
otherwise attend the amalgamation of the zinc is now evident. 

The whole chain of polar molecules in the voltaic circle admits 
of a natural division into two segments, the acid or liquid segment 
BC D (fig. 68), and the metallic segment, A K F, each of which 
has a pair of poles, the unlike poles of the two segments being 
opposed to each other. ‘The pole at B of the acid portion is chlorous, 
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and is opposed to the zincous pole at A of the metallic segment ; 
while the pole of the liquid segment at D is zincous, and is opposed 
to the chlorous pole of the metallic segment at F. The distribution 
of polarity in these two segments is, therefore, the same as in two 
magnets with their unlike or attracting poles in contact. 

Such, then, is the action of affinity by induction, which the mere 
introduction of zinc and copper in contact into the same acid liquid 
is sufficient to develope, and which accounts for the discharge of the 
hydrogen upon the surface of the copper in such an arrangement, 
the remarkable phenomenon by a description of which this subject 
was introduced. 

Circle with the connecting wire broken.—It remains for us to 
apply the same principles to explain the additional phenomena of the 

second case described, in which the connecting wire, supposed to be 
+, platinum, between the zinc and copper plates, is divided, and the 
broken extremities introduced into hydriodic acid (fig. 68, page 245). 

Broken at any point, as at K, (Fig. 68), it is evident that if the 
polarised condition be still sustained, the portion of the metallic 
segment connected with the copper plate will terminate with a 
zincous pole at K, and that connected with the zine with a chlorous 
pole; which may be indicated respectively by K and L, in fig. 70. 


Copper. 


When hydriodic acid is interposed between K and L, the breach is 
repaired by the polarization of a chain of particles of that acid. The 
extremity K, being zincous, induces chlorous polarity in the side of 
the hydriodic acid particle which it touches; i consequence of which 
the iodine atom (the analogue of chlorine) of the hydriodic acid 
molecule is presented to that pole, and berated there when decom- 
position occurs. The extremity L of the zinc or positive metal 
element is chlorous, and therefore induces zincous polarity in the 
particle of hydriodic acid which it touches, and hydrogen (the 
analogue of zinc) is liberated there. The polarity in an induced 


250 CHEMICAL POLARITY. 


circle must necessarily be of equal intensity at every point in it, and 
being sufficient at A to cause the decomposition of the hydrochloric 
acid, must also decompose the hydriodic acid between K and L; 
otherwise it is never established at A, nor anywhere else. 

In the present arrangement, the voltaic circle is broken into four 
segments, or has four polar elements, every terminal pole of which 
is in contact with a pole of a different name ; and the whole arrange- 
ment may be compared to a circle of four magnets with the attractive 
poles in contact. 

These elements are: —First, 
the zinc plate or positive me- 
tal, A L, of which the end at 
A, in the hydrochloric acid 


num at L, in the hydriodic 
acid, chlorous affinity. 

Secondly, the body of hy- 
drochloric acid, A F, between 
the zinc and copper plates, of 
which the surface at A, in contact with the positive metal, has chlorous, 
and that at I’, in contact with the negative metal, zincous affinity. 

Thirdly, the copper or negative metal F K, of which the end at F 
in the hydrochloric acid has chlorous affinity, and that faced with 
platinum at K in the hydriodic acid, zincous affinity. 

And fourthly, the body of hydriodic acid, K L, between the 
zincous and chlorous poles of the negative and positive metals, of 
which the surface K, in contact with the negative metal, is chlorous, 
and the surface L, in contact with the positive metal, zincous. 

In every voltaic circle employed to produce decomposition these 
four elements are to be looked for. Hereafter, in adverting to any 
one of these elements, it will be sufficient to confine our notice to its 
terminal polarities or affinities, without recurring to the polarized 
condition of the element itself, upon which its terminal affinities 
depend. 
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In both the arrangements described there is only one source of 
polarizing force, namely, the action between the zinc and acid at A. 
But a circle of a similar nature may be constructed embracing within 
itself two or more of such primary sources of polarizing power, and 


(fig. 71), has zincous affinity, 
and the end faced with plati--7 
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the intensity of the polar condition of the whole circle be thereby 
greatly increased. 

Figure 72 represents such a circle, in which there are two zinc 
plates, both supposed to be in contact 
with hydrochloric acid, namely at A 
= aud at C, and a copper plate attached 
— AZinep to each of these zincs. The polar 
condition of such a circle will easily 
be observed. By the contact of the 
C2 acid and zinc at A, a zincous pole 

is established there in the first zinc 
plate, and a chlorous pole in the 

acid, which are so inscribed in the diagram. ‘These occasion the 

_ formation of a chlorous pole at D in the first copper, the united zinc 
* and copper A D forming together one polar element; and a zincous 
pole at B in the acid, the column A B of acid being the second polar 
element. The further effect of the induction is to produce a chlorous 
pole at B in the second copper, of which the corresponding zincous 
pole is at C, in the second zinc; the united zinc and copper BC 
forming together a third polar element. And, as a last consequence 

of the inducing force originating at A, the column of acid between C 

and D becomes a fourth polar element of the circle, having a chlorous 

pole at C and a zincous pole at D. Now it will be observed that 
the chemical affinity between the acid and zinc at.C tends to produce 
the same polar conditions at that pomt as are already established 
there from the effect of induction. The extremity of the zinc plate 
at C is in fact zincous, both primarily and by induction; and the 
acid in contact with it chlorous, likewise both primarily and by 
induction ; and generally, throughout the whole circle, the polar 
conditions determined by the second chemical action at C are thie 
same as those determined by the 
first action at A. 

In the last arrangement, the in- 
ductive actions are in the same 
direction, and favour each other ; 
but a circle may be constructed in 
which the mductions, being in op- 
posite directions, oppose and neu- 
tralize each other. Thus if A D 
(fig. 73) be entirely zine, both its 
extremities being exposed to acid, will tend equally to be zincous. 
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Tn the same way, if B C be entirely copper, the condition of both its 
extremities will be chlorous, from the action of the acid on the two 
ends of the zinc; and, consequently, the elements of such a circle 
could have no polarity. 

A circle is represented in fig. 74, containing three sources of pola- 
rizing force. It consists of three alternations of copper and zinc sym- 
metrically arranged, and forming three 
polar elements F A, BC, and D E, with 
three acid columns between these alter- 
Aerg nations, which form three additional 
lc polar elements, A B,C D, and E F. 
The number of alternations of copper 
= y and zine with acid may obviously be 

Zin Ti = Cop2 increased to any extent, and the che- 
A ded B | mical action of the acid on the zinc in 
each alternation is found to increase in 
a marked manner up to the number of 10 or 12 alternations. This 
increase of the affinity is undoubtedly owing to the favouring in- 
ductive action which the chemical actions at the different points have 
upon each other. Such a compound circle may be compared to a 
number of magnets disposed in a circle with their attracting poles 
together, of which each would have its magnetic intensity exalted by 
induction from all the rest. When such a circle is broken at any 
point, all chemical action and polarization cease till contact is again 
made, and the circuit completed. The polarization, too, being the 
result of a circular induction involving so many lines or chains of 
particles, cannot, when once established, be more or less at any one 
point in the circuit than at others. The resulting chemical action 
must, therefore, be every where equal in the circle, and consequently 
the same quantity of zinc be dissolved, and hydrogen evolved in each 
acid. 

If any metallic element of this compound circle be broken, and a 
polarizable liquid be interposed bétween the metallic extremities so 
as to complete the circuit, decomposition occurs in that liquid as in 
the simple interrupted circle (fig. 70). But the polarizing influence of 
the compound circle being of high intensity, more numerous and 
difficult decompositions are effected by means of it than by the 
simple circle. The compound voltaic circle is indeed a decomposing 
instrument of great efficiency. 

If, in this arrangement, the position of one of the metals in the 
series be reversed, so that a zinc is where a copper should be, then, 
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by the action of the acid on that zine, polarization in the wrong 
direction is occasioned, which greatly diminishes the general polarity 
of the circle, reducing it in an arrangement of ten alternations to one- 
fourth, according to Mr. Daniell. 

Voltaic battery.—In the first of the two annexed diagrams 
(fig. 75) is represented a compound circle, such as is employed to 


produce decomposition, and called a voltaic battery, consisting of three 
acid jars, each of which contains a zinc and copper plate, and which 
are termed active cells, as they are sources of polarizing power, from 
the action of acid upon zinc which takes place in them. 

In the second diagram (fig. 76), the same arrangement is repeated, 
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with the addition of a third jar, termed the decomposing cell, which 
contains any binary polar liquid, with two platinum plates immersed 
in it. Each copper, it will be seen, is connected by a wire with the 
following zinc; and, in the first diagram, the copper in the third cell 
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C” is immediately connected with the zinc in the first cell Z by a 
wire, and the circuit thus completed. The polar elements in the 
circle of the first diagram, it will be found, are six in number ; namely, 
the three acid columns between the metals in the cells a 6, ¢ d, and 
ef; and the three pairs of zinc and copper plates, each of which 
pairs forms a single polar element, of which the surface of the zinc is the 
zincous, and the surface of the copper the chlorous pole. In the 
second diagram, one of these metallic elements Z OC” is divided, and 
a polar liquid g A, in the cell of decomposition, interposed between 
the broken extremities Pl and Pl’. To ascertain the polar condition 
of the extremities, or the terminal platinum plates in the decomposing 
cell, it is to be observed that Pl’ with Z forms one polar element, of 
which Z being a zincous pole, Pl’ must be a chlorous pole. Again, 
Pl with C” forms one polar element, of which C” being a chlorous 
pole, Pl must be a zincous pole. Now, the platinum plates Pl and 
PI’, which are thus zincous and chlorous, are disposed in the decom- 
posing cell, in regard to one another,—the first to the left, and the 
second to the right, as the zincous and chlorous plates (the zinc and 
copper) also are arranged in the active cells. It will be convenient 
to distinguish by names the poles which these terminal platinum 
plates constitute, as they are much more frequently referred to, and 
of greater consequence than any other poles in the voltaic battery, 
when used as an instrument of decomposition, as it constantly is. 
The chlorous plate Pl’, which is in connexion with a zinc plate Z, 
may be called the chlorozd (like chlorine), and the zincous plate Pl, 
which is connected with a copper plate OC”, may be called the eincodd 
(like zinc),—names which express the virtual properties of each plate, 
or the particular attractive power and affinity which each of them 
acquires from its place in the circle. 

When hydrochloric acid is the polar liquid interposed between these 
plates, chlorine is of course attracted by the surface of the zincoid, 
and discharged there ; and hydrogen by the face of the chloroid, and 
discharged upon that plate. On the electrical hypothesis, the same 
plates are variously denominated :— 

The zincoid as the positive pole, the positive electrode, the anode, 
and the zincode. | 

The chloroid as the negative pole, the negative electrode, the 
cathode, and the platinode. 

The cell of decomposition thus interpolated in the voltaic circle is 
an obstacle to induction, and reacts on the whole series, reducing the 
chemical action and evolution of hydrogen in each of the active cells 
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by at least one-third. In that retarding cell itself, the amount of 
decomposition is necessarily the same as in the other cells. Mr. 
Daniell found the chemical action reduced to one-tenth in a series of 
eight active and two such retarding cells; and entirely stopped by 
three retarding to seven active cells. 


OF THE SOLID ELEMENTS OF THE VOLTAIC CIRCLE. 


The elements of a Voltaic Circle are obviously of two different kinds 
—the metals or solid portions, through the substance of which che- 
mical induction is propagated without decomposition ; and the liquids 
in the cells, which yield to the induction and suffer decomposition. 
_In reference to the first, it is to be observed that, as only iron and- 
one or two other metals of the same natural family are susceptible of 
magnetic polarity, so the susceptibility of chemical polarity which 
appears in the voltaic battery is not possessed by solids in general, 
but is confined to the class of bodies to which zinc belongs,—the 
metals, all of which possess it, with the addition of carbon in the 
form of charcoal, and certain metallic sulphides, more particularly 
the sulphide of silver when heated. Weak solutions of the alkaline 
sulphides, containing an excess of sulphur, also admit of a feeble 
polarity without undergoing decomposition. The non-metallic ele- 
ments, with their compounds, the oxides and salts of the metals, are 
destitute of this power, and cannot, therefore, be used as solid 
elements of the circle. A body available for this purpose is termed 
a conductor on the electrical hypothesis, a name which may be re- 
tained as it is not at variance with the function assigned to the metals 
in the circle viewed as a chemico-polar arrangement. ‘Two different 
metals are combined in a circle, one of which is acted on by the 
liquid, and, therefore, called the active or the positive metal; while 
the other is not acted upon, and is, therefore, called the inactive or 
the negative metal; and it has already been stated, that the more 
easily acted on by the liquid, or the more highly positive the one 
metal, and the less easily acted upon, or more negative the other 
metal, the more proper and efficacious is the combination. In the 
following table several of the metals are arranged in the order in 
which they appear positive or negative to each other, when acted on 
by the acid fluids commonly employed in the voltaic battery. Hach 
metal is positive to any one below it in the table, and negative to any 


one above it. ‘“L 
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Most positive. Por Us mis 
Potassium. 2c 
Sodium. CO (esas 
Manganese. 

Zinc. 
Cadmium. 
Tron. 
Nickel. 
Cobalt. 
Lead. 
Ti. 
Bismuth. 
Copper. 
Silver. 
Mercury. 
Palladium. 
Carbon. 
Platinum. 
Rhodium. 
Iridium. 
Gold. 


Most negative. 


Zinc, which stands high in the list, is the only metal which can be 
used with advantage in the voltaic battery, as the positive metal. 
Although closely approaching zinc in the strength of its affinities, 
iron is ill adapted for the purpose, from the impossibility of amalga- 
mating its surface, the irregularity of its structure, and certain pecu- 
harities of this metal in reference to chemico-polarity. Platinum 
forms an excellent negative metal, from the weakness of its affinities, 
and is generally used for the plates in the cell of decomposition. 
Silver also is highly negative, but copper is the only negative metal 
which from its cheapness can be used in the construction of active 
cells of considerable magnitude. 

Voltaic protection of metals.—But although the difference 
between two metals in point of affinity be very small, yet their 
association in the same acid always gives a decided predominance to 
the affinity of the more positive, by causing the surface of the other 
to become chlorous, and therefore wholly inactive in an acid fluid. 
A negative metal may thus be protected from the solvent action of 


» 
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saline and acid liquids, by association with a more positive metal ; 
iron, for instance, by zine, as in articles of galvanized iron, which 
are coated with the former metal. The process is analogous to the 
making of tin-plate. The surface of the iron (generally sheet iron) 
is first cleaned from all adhering oxide by a dilute acid: then im- 
mersed in a weak solution of tin, with fragments of metallic tin, 
according to the improved practice of Messrs. Morewood and Rogers, 
by which the iron is covered bya film of tin, to which zinc is capable’ 
of adhering more uniformly than to an iron surface. ‘The article so 
prepared is then passed once through a bath of melted zinc, of which 
the surface is covered by the fused chloride of zinc and ammonium, 

to protect the metal from oxidation. It thus acquires a smooth 
and beautifully crystallized coating of zinc. Copper is protected by 
either zinc or iron, as was remarkably illustrated in the attempt made by 
Sir H. Davy to defend the copper sheathmg of ships from corrosion 
in sea-water, by means of his protectors.. These were small masses 
of iron or zinc fixed upon the ship’s copper, at different points under 
the water line. They completely answered the purpose of protecting 
the copper, but unfortunately gave rise to a deposition of earthy 
matter upon that metal to which barnicles and sea-weeds attachea 
themselves, and thereby diminished the facility of the ship’s motion 
through the water. The more recent-substitution, by Mr. Muntz, of 
an alloy of 60 parts of copper and 40 of zinc, for pure copper, has 
proved more successful. In acting as a protecting positive metal, 
_ zine necessarily undergoes corrosion, but more slowly than might be 
expected. On zinced articles which are exposed to the air only, and 
not immersed in water, a film of suboxide of zinc soon appears, which 
forms a hard covering, and protectsthemetal belowfrom further change. 

On the other hand, the injurious effect of association with a nega- 
tive metal is often accidentally illustrated, as in the corrosion of the 
ends of iron railings, which are fixed in their sockets by lead, a more 
negative metal. In dye-coppers, an iron steam-pipe with a rose of 
lead or copper is quickly destroyed. Some kinds of cast iron undergo 
a rapid corrosion, when exposed to sea-water, the carbon acting as a 
negative body and ultimately remaining in the for of plumbago 
after all the metal has disappeared. 

A weak voltaic circle may even be formed of a single positive 
metal in an acid, as-the zinc A B (fig. 77), provided the surfaces of 
the metal exposed to the acid at A and B are in different conditions 
as to purity ormechanical structure, and therefore unequally acted upon 
by the acid ; whereupon the part least disposed to dissolve becomes 
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negative to the other. A zinc plate may also be 
unequally acted on and thrown into a polar state, 
from the liquid in which it is immersed varying 
im composition and activity at different points 
— , of the metallic surface. A circle may thus 
==] be formed of one metal A Z B, with two 
liquids A EK and E B, which merge into each 
other, and form together one polar ele- 
ment A B. . 
The two metals ina circle have generally been exhibited in metallic 
contact, and forming together one polar element, but they may be 
separated, as are the zinc and copper plates A D and C B in the 
diagram (fig. 78), by two fluids, provided these fluids are such as a 
strong acid at A B, and as iodide of potas- 
sium at DC, the first of which acts very 
powerfully on zinc, while the other acts very 
feebly upon that metal (unless ‘associated 
cq With copper); so that of the consequent 
opposing inductions, that originating at A 
greatly exceeds and overpowers that of D. 
It is likewise necessary that the fluid D C 
be of easy decomposition, so as to yield to 
the polar power of the single circle. In this arrangement, however, 
it is obvious that the zinc itself forms a complete polar segment, of 
which A is the zincous, and D the chlorous pole; and the copper also an 
entire polar segment of which B is the chlorous, and C the zincous pole. 
The preceding table exhibits the relation which the metals enume- 
rated assume to each other, in the acid and saline solutions usually 
‘employed as exciting fluids. But the relation of any one metal to 
another is not the same in all exciting fluids. Thus when tin and 
copper are placed in acid solutions, the former is most rapidly 
corroded and becomes the positive metal, according to its position in 
the series, but if they are put into a solution of ammonia which acts 
“most upon the copper, then the latter becomes the positive metal. 
Copper is positive to lead in strong nitric acid, which oxidizes the 
former most freely, whereas in dilute nitric acid, by which the lead 
is most rapidly dissolved, the lead is positive. 


LIQUID ELEMENTS OF THE VOLTAIC CIRCLE. 


With the view of simplifying the statement of the circular decom- 
“positions which occur in the voltaic circle, the exciting fluid has 
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hitherto always been supposed to be hydrochloric acid (chloride of 
hydrogen), and this compound is a fair type of the class of bodies 
which possess a polar molecule, and are available for the purpose of 
bringing these changes into play. The exciting fluid is always a 
saline body in the general sense ; that is, a binary compound of a salt- 
radical or halogen, such as chlorine, with a basyl, such as hydrogen ora 
metal. The chlorideof copper, chloride of sodium, chloride of ammonium, 
or the chloride of any other basyl, may be substituted for hydrochloric 
acid, although not all with the same advantage; and the chlorides of 
basyls may be replaced by their iodides, sulphionides, (sulphates) 
nitrationides, (nitrates) and salts of other acids, as exciting fluids, 
provided they have the condition of liquidity, which gives mobility to 
their particles, and permits that disposition of them which is assumed 
in a polar chain. The liquids which yield in the cell of decomposi- 
tion are of the same nature, possessing always a binary polar 
‘molecule, although the liquid which forms the best exciting fluid is 
not always the most easily decomposed in the decomposing cell. 
The positive metal which is exposed to the exciting fluid always 
acts in one way, displacing the basyl and combining with the halo- 
gen of that body; in the manner the zinc has been seen to liberate 
hydrogen and combine with chlorine, when hydrochloric acid is the 
exciting fluid. The positive metal is thus substituted for a similar 
basyl in a pre-existing saline compound. That metal may dissolve 
in another manner, by uniting directly, for instance, with free 
chlorine or iodine in solution, but then no polar chain is formed. 
Particles of chlorine may extend from the zinc to the associated 
negative metal, but not possessing a binary molecule they have no 
occasion to throw themselves into a polar chain in order to act 
upon the zinc, as the molecules of hydrochloric acid require to do in 
the same circumstances. The particles of these free elements appear to 
be incapable of that polar condition, having chlorous affinity on one 
side and zincous on the other, of which both the solid and liquid 
constituents of the voltaic circle must be susceptible. Judging 
from the uniformity in composition of exciting liquids, their capacity 
to form polar chains depends on their consisting of an atom of basyl 
and an atom of salt-radical, which are respectively the locus of 
zincous and chlorous affinity or polarity. Such molecules may be 
looked upon as in a state of tension when forming a part of a polar 
chain, each about to divide into its chiorous and zincous atoms. Mr. 
Faraday had established that all exciting liquids are bmary compounds 
of single equivalents of salt-radical and basyl, or proto-compounds, 
such as hydrochloric acid itself, proto-chloride of tin, &c. Other 
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saline bodies which are per-compounds, such as bichloride of tin, 
are not exciting or polar, because, as may be supposed, they are 
not naturally resolvable into a chlorous and zincous atom, but into a 
chlorous atom and another salt; the bichloride of tin, for instance, 
into chlorine and proto-chloride of tin. Certain compounds, which 
are deficient in the saline character and not polarizable, such as 
chloride of sulphur, and the liquid chlorides of phosphorus and 
carbon, have been enumerated as exceptions to this rule. None of 
these bodies, however, is really a proto-compound. 

The zinc or positive metal, too, always forms a proto-compound in 
dissolving, which is a saline body. The order of the chemical 
changes in the exciting fluid therefore is as follows:—The zinc in 
decomposing a binary compound and forming a binary compound 
liberates an atom of its own class; which atom. repeats the same 
actions ; supplying at the same time another atom of the same kind 
to act in the same manner, and that another, from the zinc to the 
copper plate. The combining bodies are always a basyl and a salt- 
radical, and therefore only two kinds of attraction or affinity are at 
work throughout the chain, those of a basyl and a salt-radical, the 
zincous and chlorous affinities. Hence, in the present subject of 
chemical polarity, we have to deal with but two attractive forces, the 
zincous and the chlorous, as in magnetism with but two magnetic 
forces, the austral and the boreal. 

On the electrical hypothesis, a body which is thus decomposed in | 
the active cells, or in the cell of decomposition, is called an electrolyte 
(decomposable by electricity), and this kind of decomposition is 
distinguished as electrolysis. The two elements of an electrolyte, 
which travel or are transferred in opposite directions, in its decompo- 
sition have been named zons (from ’wy, gomg ); the halogen which 
travels to the positive metal or terminal, the anion (going upwards), 
and the basyl, which is transferred to the negative metal, or terminal, 
the cation (going downwards). Strictly chemical expressions equi- 
valent to the former would be zimcolyte and zincolysis, the decom- 
positions throughout the circle being referred to the affinity of zinc 
or the positive metal. 

The characters of the two constituents of an electrolyte may be 
shortly noticed. The class of basyl constituents is composed of the 
metals in their order as positive metals, beginning with potassium, 
and terminating with mercury, platinum, and the less oxidable metals. 
Ammonium has a claim to be introduced high in this list, and 
should probably be accompanied by the analogous basyl of the 
aniline class of bases and of the vegeto-alkalies, although in respect 
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to the decomposition of their salts in the voltaic circle, we have 
little precise information. Hydrogen likewise finds a place near 
copper in this class. 

At the head of the halogen constituents of electrolytes may be 
placed iodine and the other members of the chlorine family. These 
are followed by the halogens of the sulphates, nitrates, carbonates, 
acetates, and other oxygen-acid salts, Sulphur must be allowed to 
follow the last, as the salt-radical of the soluble sulphides, and the 
lowest place be assigned to oxygen, as the salt-radical of the soluble 
metallic oxides; of oxide of potassium, for instance, and of water. It 
is unusual to speak of oxygen as a salt-radical, and of caustic potash 
and water as salts, but the binary theory of salts recognizes no 
essential difference between the chloride, sulphionide, and oxide of 
a basyl, the oxide being connected with the more highly saline 
compounds through the sulphide, and the list of salt-radicals forming 
a continuous descending series from iodine to oxygen. 

The facility of decomposition of different electrolytes appears to 
depend more upon the high place of their salt radical, than upon the 
nature of their other constituent. The iodides, for instance, as 
iodide of potassium and hydriodic acid, are the most easily decom- 
posed of all salts, yielding to the polar influence of the single circle. 
Then follow the chlorides,—chloride of lead, fused by heat, yielding 
to a very moderate power. After these the salts of strong oxygen 
acids, such as sulphates and nitrates either of strong bases, such as 
potash and soda, or of weak bases, such as oxide of copper and water 
(the hydrated acids are such salts). ‘The carbonates and acetates, 
which have much weaker salt-radicals, are still less easily decomposed, 
and finally oxides are decomposed with great difficulty. Water 
itself is polarized with such extreme difficulty, and decomposed when 
alone to so minute a degree, even by a powerful battery, as long to 

have left its claim uncertain to be considered an electrolyte, when in 
a state of purity. 

Widely as the more siaateealte halogens and basyls differ, still 
the classes pass by imperceptible gradations into each other, and form 
portions of one great circular series. Mercury and the more negative 
metals, although clearly basyls, appear at times to assume the salt- 
radical relation to the highly positive metals; such a character is 
evinced in mercury, by the energy with which it unites with sodium 
and potassium, and by its function in the amalgamated zinc plate of 
the voltaic circle. So that the salt-radical or basyl character of a 
body is not absolute, but always relative to certain other bodies, 
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The addition of a salt or acid, even in minute quantity, to water 
in the cell of decomposition, causes the copious evolution of oxygen 
and hydrogen gases at the zincoid and chloroid, and is therefore 
often spoken of as facilitating, by its presence, the decomposition of 
the water, in some way which cannot be explained. But the pheno- 
mena are unattended with difficulty on the binary theory of saline 
bodies. When sulphate of soda exists in the water of the decom- 
posing cell, it may be sulphionide of sodium which is decomposed, SO,, 
the sulphate radical being evolved at the zincoid, and sodium at the 
chloroid. But the sodium havmg a strong affinity for oxygen reacts 
upon the water at the pole, forming soda and liberating hydrogen, 
which therefore appear together; while SO, having, as a high salt- 
radical, a powerful affinity for hydrogen, likewise decomposes water, 
and thus evolves oxygen, which, with a free acid, appears at the 
zincoid. A solution of chloride of sodium is decomposed in the 
same manner, its elements chlorine and sodium being attracted to 
the zincoid and chloroid respectively, but neither of these elements 
appearing as such. Both decompose water, and thus produce oxygen 
with hydrochloric acid at the zincoid, and soda with hydrogen at the 
chloroid. It has imdeed been ascertained that the polar influence 
which apparently effects two decompositions in these circumstances, 
namely, that of water into oxygen and hydrogen, and of a salt into 
its acid and alkali, is no more in quantity than is necessary to 
decompose one of these bodies, the circulating power being measured 
by the quantity of fused chloride of lead decomposed in another part 
of the circuit (Daniell). There can be little doubt, then, that only 
one binary compound is immediately decomposed, and that the two 
sets of products which appear at the terminals are the results of 
secondary decomposition. Indeed, the decomposition of salts in the 
voltaic circle is supposed to afford considerable support to the salt- 
radical theory of these bodies (page 186). 

Certain salts form a polar chain, or conduct, without undergoing 
decomposition, in a way which cannot at present be explained, par- 
ticularly the iodide of mercury and fluoride of lead, both fused by heat. 
According torecent observations of M. Matteucci many otherfused salts 
conduct to a greater extent than is indicated by their decomposition. 

Secondary decompositions.—The products of voltaic action are 
frequently of the secondary character just described, the original 
products being lost from their reaction upon the liquid in which they 
are produced, or upon the substance of the metallic terminals. Thus, 
salts of the vegetable acids often afford carbonic acid, and salts of 
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ammonia nitrogen, instead of oxygen, at the positive terminal or 
zincoid ; the oxygen liberated having reacted upon the combustible 
constituents of these bodies. Nitrates, again, may afford nitrogen, 
or nitric oxide, at the negative terminal or chloroid, in consequence 
of the oxidation of the hydrogen evolved there. The nascent con- 
dition of the liberated ‘elements favours such secondary actions. 
When the zincoid is composed of a positive metal, such as zinc 
itself or copper, the chlorous element is absorbed there, combining 
with the metal. The decomposition of a salt is also then much easier, 
the action of the circle being greatly assisted by the proper affinity 
of the matter of the zincoid for a chlorous body. Indeed, when 
two. pieces of the same metal communicate by means of one of its 
salts, the phenomena are the same as if the metallic circuit were com- 
plete (Faraday). Insoluble sulphides, chlorides, and other compounds 
of a positive metal acting as the zincoid, have thus been slowly pro- 
duced ina single circle with a weak exciting fluid ; which product shave 
exhibited distinct crystalline forms, resembling natural minerals, not 
otherwise producible by art. The hydrogen evolved upon a platinum 
chloroid, immersed in the solution of a copper or iron salt, may also 
reduce these metals upon the surface of the platinum, in the form of 
brilliant octahedral crystals. In the active cells themselves a secondary 
decomposition is apt to occur, the hydrogen evolved decomposing 
the salt of zinc which accumulates in the liquid, and occasioning a 
deposition of that metal upon the copper plate; an occurrence which 
may determine an opposite polarity, and cause the action of the circle 
to decline. But on disconnecting the zinc and copper plates, the 
foreign deposit upon the latter is quickly dissolved off by the acid. 
The inconvenience of this secondary decomposition in the exciting 
cells is avoided by dividmg the cell into two compartments, by a 
porous plate of earthenware interposed between the zinc and copper 
plates. The salt of zinc formed about that metal is prevented from 
diffusing to the copper, by the diaphragm, although it allows, from 
its porosity, a continuity of liquid polar molecules between the metals. 

Two polar liquids separated by a porous diaphragm.—tThe 
liquids on either side of the porous division may also be different, 
provided they have both a polar molecule. Thus, in fig. 79, the 
polar chain is composed of molecules of hydrochloric acid, extending 
from the zinc to the porous division at a; and of molecules of chloride 
of copper, from a to the copper plate. When the Cl of molecule 1 
unites with zinc, the H of that molecule unites with the Cl of molecule 2 
(as indicated by the connecting bracket below), the H of molecule 2 with 
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the Cl of molecule 3, the Cu of molecule 8 with the Cl of molecule 4, 
and the Cu of this molecule, being the last in the chain, is deposited 


Fia. 79. 


Copper 


upon the copper plate. Dilute sulphuric acid, in contact with an 
amalgamated zinc plate, and the same acid fluid saturated with sul- 
phate of copper, in contact with the copper plate, are a combination 
of fluids of most frequent application. In such an arrangement, the 
formation of small gas bubbles upon the negative plate, which makes 
its contact with the acid fluid imperfect, is avoided; and the surface 
of that plate is kept clean and entirely metallic by the constant de- 
position of fresh copper upon it. The copper is deposited in a 
coherent state, and forms a plate, which may be stripped off from 
the original copper after attaining any desired degree of thickness,— 
and presents an exact impression of the surface of the latter. In the 
operation of electrotyping, the article to be copied is so placed in a 
copper solution as the negative plate of a voltaic pair, being first 
made conducting, if not metallic and already so, by rubbing its sur- 


. face over with fine plumbago. With a negative plate of platinum, | 


undiluted nitric acid may be used in the place of the acid solution of 
copper in the last arrangement, with oil of vitriol, diluted with four 
or five times its bulk of water, about a positive plate of amalgamated 
zinc. ‘The polar molecules will be, on the binary theory of salts, 
NO,+H, in the former, and SO,+H, in the latter fluid. The 
hydrogen is also here entirely suppressed at the negative plate, 
uniting with the fifth equivalent of oxygen in nitric acid to form 
water, which is attended with the evolution of peroxide of nitrogen, 
NO,.. The solution of the zinc, with such an arrangement of fluids, 
appears to give the most intense polarization that can be attained. 
Application of the. voltaic circle to chemical synthesis.— 
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The liquid in the decomposition cell may be divided by a porous 
diaphragm placed between the platinum plates, which form the 
zincoid and the chloroid in a similar manner, and the synthetical 
results of the voltaic action be had more readily apart from each 
other. With a solution of chlorate of potash between the plates, 
it is found that the oxygen, instead of being evolved at the posi- 
tive pole as gas, is communicated to the chlorate of potash there, 
and converts it into perchlorate (Berzelius). In a solution of ~ 
chloride of potassium, even when rendered acid by sulphuric acid, 
chlorate, and afterwards perchlorate of potash were found at the 
positive pole (Kolbe). A concentrated solution of chloride of am- 
monium evolves hydrogen at the negative pole; but neither oxygen 
nor chlorine at the positive pole. But the surface of the platinum 
plate representing the latter pole is covered with small, yellow, oily 
drops of chloride of nitrogen, which, as soon as the two poles are 
brought into contact, decompose with explosion (Kolbe). A solu- 
tion of the yellow prussiate of potash is converted into the red 
prussiate by the action of the oxygen at the positive pole (Smee). 
Dr. Kolbe oxidized the cyanide of potassium in the same manner, 
and converted it into cyanate of potash, but did not succeed in ob- 
taining a percyanate: nor did he succeed in forming a fluorate of 
potash from the fluoride of potassium by the same means.* The de- 
composition of a concentrated neutral solution of valerianate of potash 
im the cold gave a gaseous carbo-hydrogen, C, H,, of double the 
density of olefiant gas, and what appeared to be a new ether, con- 
taining C, H, less than amylic ether. Such transformations from 
the series of one alcohol to that of another are of great importance, 
and the attaining them by voltaic action highly interesting. Six 
pairs of Bunsen’s carbo-zinc battery were employed in these decom- 
positions, and the action continued for several days. 

Transference of the ions. —With a double diaphragm cell, in which 
the liquid between the poles was divided into three portions, Messrs. 
Daniell and Miller were enabled to make some singular observations on 
the transfer of the ions and their accumulation at the poles. With a 
neutral salt of the potassium family (such as sulphate of soda), for one 
equivalent of salt decomposed, half an equivalent of free acid is added to 
the division of the cell containing the positive pole, and half an equiva- 
lent of free alkali to the division containing the negative pole—the 


* Memoirs of the Chemical Society, vol. iii. p. 287. 
+ Kolbe, zdzd. p. 378. ' ‘ 
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amount of transference which the polar decomposition requires : but, 
with a salt of the magnesian family (such as sulphate of zinc), while 
the acid travels as usual to the positive pole and accumulates there, 
no corresponding transference of oxide of zinc takes place in the 
opposite direction. ‘This seems to imply that water travels, as base, 
instead of oxide of zinc. All the magnesian salts retain one equiva- 
lent of water very strongly; and, in the polar chain, probably assume 
this water as their base, so as to become equivalent to hydrated acids 
Vc tuihice im. solution./AIn the decomposition of salts of oxide of ammonium, 
fice beg the ammonia also appears passive, and does not move towards the 
i tee tyres te negative pole, although the acid of the salt travels as usual towards 
ae yore - gp.the positive pole. The water, which is essential to the salts of oxide 
ae: OE: ammonium, appears to be here again the base which travels ; and 
ty dele, & fe “na polar chain extending through a salt of ammonia, such as the 
q PbtakT, sulphate of ammonia, we have probably sulphate of water as the polar 
Jnelow - molecule; the ions being SO, and H; not SO, and NH,.* 
Voltaic endosmose.—lt was first observed by Mr. Porrett, that in 
the decomposition cell, divided into two chambers by a permeable 
diaphragm of wet bladder or porous earthenware, the liquid tends to 
pass from the chamber containing the positive terminal plate into 
that contaming the negative terminal, so as to rise at times several 
inches in the latter above its level in the former (Annals of Philo- 
sophy, 1816). This accumulation of liquid at the negative pole is 
only considerable with liquids of an inferior conducting power, that 
is, of difficult decomposition, and is greatest in pure water. 

The transfer takes place of a large quantity of water with the 
hydrogen to the negative pole, as if the ions were O on the one 
side, and H+ Water on the other. Ina polar molecule, such as 
this implies, we must have an aggregation of many atoms of water 
forming one compound polar atom. Let us suppose six atoms of 
water associated Hg Og; the polar molecule will be H, O,+0, in 
| which H, O, is the basyl, and O the salt-radical. Taking advantage 
of the graphical representation of such a compound molecule by a 


polar formula (page 204), in which the letters exhibit the relative 
i position of the constitutent atoms, we have— 
. rishi ttpia a ae Ngotiing 


? Positive Pole. | O_O O O O O| Negative Pole. i 
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* Professors Daniell and Miller, “ On the Electrolysis of Secondary Compounds,” in 
the Philosophical Transactions, 1844. 
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The oxygen 1 is alone attracted by the positive metal or pole with 
which it is in contact, while hydrogen (1) being so far relieved from 
the attraction of its own oxygen, comes under the influence of oxy- 
gen 2, 3, 4,5, and 6. As the salt-radical O (1) separates we have 
thus the temporary formation of the basylous atom— 


oOo UG 0; 
H H H H H A’ 4H, 


But instead of imvolving six atoms of water, as in this illustration, 
the compound polar molecule may embrace hundreds or thousands. 
It will always be represented by Hy Op-1+0; Hy Op_, being the 
basylous atom which is transferred to the negative pole, and O the 
salt-radical atom which is transferred to the positive pole. It ap- 
pears to be by a polarization of this sort that, in bad conductors, 
mass compensates for conducting power; as in the return current of 
the electric telegraph through the earth, where the resistance is 
found to be even less,than in the metallic wires; indeed, quite in- 
appreciable. 

It is found -by Mr. J. Napier that the passage of a salt without 
decomposition, such as sulphate of copper, from the positive to the 
negative division of the decomposition cell, may take place inde- 
pendently of the water in which it. is dissolved, and to a greater 
proportional amount (Mem. Chem. Soc. 1. 28). This unequal move- 
ment of the salt and water proves that the phenomenon is not simply 
a flowing of the liquid towards the negative pole; and it allows us 
to suppose that an aggregate polar molecule may be formed of many 
atoms of a salt, as well as of water. It is only in dilute saline so- 
lutions that the voltaic endosmose is perceptible. 


VOLTAIC CIRCLES WITHOUT A POSITIVE METAL. 


If we dip together into an acid fluid two platinum plates, one 
clean, and the other coated with a film of zinc or highly positive 
metal, we have the speedy solution of the positive metal by the usual 
polar decomposition, and hydrogen transferred to the opposite platinum 
plate. It appears that hydrogen, sulphur, phosphorus, and various 
other oxidable substances, will originate a polar decomposition in 
water or a saline fluid, when associated with platinum, in the same 
manner as the zinc is in the last experiment ; and circles may thus 
be formed without a positive metal. The non-metallic but oxidable ele- 
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ments enumerated cannot be substituted in mass for zinc or the 
positive metal, because they are non-conductors ; but in the thinnest 
films they are not so, if we may judge from experiments of this kind, 
and become quite equivalent to metals. Farther, with chlorine or 
any other strongly halogenous element dissolved in water, and placed 
in contact with one of the platinum plates, while the other is clean, 
we may have a polarization originating with the chlorine, and causing 
the transfer of the oxygen or salt-radical of the interposed water, or 
saline fluid, to the clean platinum. Nothing like this is witnessed 
in the voltaic combination of two metals; it is equivalent to an ac- 
tion in which the copper or negative metal originated the polariza- 
tion by its affinity for the hydrogen or basylous constituent of 
the polar liquid. 

1. With hydrogen gas dissolved in the acid fluid of one chamber 
of the divided cell, and air or oxygen in the other, polarization oc- 
curs on uniting the platinum plates, attended with the oxidation of 
the hydrogen and disappearance of both gases (Schénbei). View- 
ing this arrangement as a simple circle, consisting of a liquid and 
metallic segment (page 245), we have to consider particularly the 
composition of the terminal polar molecules at either end of the 
metallic segment—platinum with hydrogen must form the one at 
the positive pole, and platinum with oxygen the other at the nega- 
tive pole :— 

(1) tte her 8 iy a tb Ae Od ts 
a i acid es Fi 

These are equivalent to the external molecules of the two metals, 
zinc and copper, in the usual voltaic arrangement, which are composed 
in that case of two atoms of zinc on the one side, and two atoms 
of copper on the other (fig. 68, page 245) :— 


(2) LD Lido ciiieraeed mgt dol 
ae Rect re oe 

The peculiar superiority of platinum, as the single metal, in ar- 
rangements of the present class, depends upon its strictly intermediate 
character between basyls and halogens, so that it lends itself to form 
a polar binary molecule equally with hydrogen or oxygen in (1),— 
with both basyl and salt-radical. 

The intermediate liquid (the acid) must be a binary compound as 
usual. Here the positive hydrogen combines with the salt-radical 
of that binary compound, and sends its hydrogen or basyl to the second 
or opposite plate; while the oxygen at that plate decomposes the 
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binary liquid also, sending back oxygen or salt-radical to the hydrogen 

of the first plate. There are, therefore, two concurring polarizations 

in every polar chain, tending to bring about simultaneously the same 
combinations and decompositions throughout the circle: hydrogen 

enters into combination on the one side, and oxygen on the other, in 

one and the same polar chain. The union of concurring primary 
zincous and chlorous polarizations, exhibited in such an arrangement, 

offers a new means of increasing polar intensity, entirely different © 

from the multiplication of couples in the compound circle, of which 

the application will be fully observed afterwards in the nitric acid 
battery of Mr. Grove. The temporary combination of hydrogen DP olatge 
with copper, the former as the basylous and the latter as the halo- ° 
genous element of one polar molecule, which it is necessary to as-orr oe 
sume in explaining the circular polarity of the ordinary voltaic circlev Tyr t ; 
(page 246), is quite in accordance with the relation of hydrogen to%,.. / 
platinum in the present circles. 

2. A circle of still higher power is formed with chlorine gas, dis- 
solved in the negative chamber, against hydrogen in the positive 
chamber of the divided’cell. Here the terminal polar molecules of 
the metallic segment are :— 


(3) Gees. Cl, Pt 
sl saute 


fof 


< 


3. Inflammation of mixed hydrogen and oxygen by platinum. 
—There is every reason to believe that the remarkable action of clean 
platinum, both in the form ofa plate and of platmum sponge, in dispos- 
ing a mixture of oxygen and hydrogen in the gaseous state to unite, 
is the same in nature as its action upon these elements liquefied and in 
solution in water. In the former, asin the latter case, a polar chain must 
arrange itself in the platinum mass, of which one terminal molecule 
is platinide of hydrogen, and the other oxide of platinum (3). A less 
certain point is, whether the chain is completed by the interposition 
of a binary molecule of water already formed, between the polar 
H and O; or these atoms come immediately into contact, and close 
the circle, without the intervention of any compound polar molecule. 

4. Gas-battery.—The gas-battery of Mr. Grove belongs to this 
class of voltaic arrangements. It is essentially an apparatus in which 
a supply of both negative and positive gas is kept over the liquid 
at each plate, to supply loss by absorption. A simple circle consists. 
of a bottle (fig. 80.) containing a dilute acid, with two tubes filled 
with oxygen and hydrogen respectively, and placed in two open- 
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ings in the bottle. The platinum 
plates contained in these tubes are 
made rough by adhering reduced 
spongy platinum, which enables 
them also to retain the better on 
their surface a portion of the acid 
fluid into which they dip. The 
two plates are connected by a wire 
above the tubes, which is repre- 
sented in the figure as carried round 
a magnetic needle, to obtain evi- 
dence of polarization in the wire. 
Here, as in (2), the gases only act 
when in contact with the platinum 
surface and taking a part in the 
terminal polar molecule, and also 
when covered by liquid, which is 
necessary to complete the polar 
chain between the terminal polar 
molecules on each side. ‘The gases 
in the tubes are supplementary, 
and do not take a part in the polar 
chain. The modifications of this ster ait where, instead of hydro- 
gen gas, sulphur or phosphorus, vaporized in nitrogen gas, or a 
gaseous hydro-carbon, is placed at the positive pole, are of the same 
character, and only act by supplying a film of an oxidable body, 
such as sulphur, or phosphorus, to the surface of the platinum, 
capable of forming the positive element of a polar molecule with 
that metal. This, again, must be covered by the binary acid fluid, 
in order to communicate by a polar chain with the oxygen of the 
terminal molecule of platinum and oxygen in the negative chamber 
of the divided cell.* 

5. Closely resembling these circles is that in which one of. the 
platinum plates is covered by a film of peroxide of lead or peroxide 
of manganese. The platinum plate may be so prepared by making 
it the negative terminal for a short time in a solution of acetate of 
lead or of protosulphate of manganese. In an acid fluid, which is — 
capable of dissolving the protoxide of lead or manganese, polarization 
occurs, the excess of oxygen of the attached peroxide forming with 


* Grove, On the Gas Voltaic Battery: Philosophical Transactions, 1843 and 1845. 
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platinum a polar molecule, in which the oxygen is the chlorous 
element. This decomposes the saline molecule of the acid, or water, 
causing the transference of the salt-radical or oxygen to the clean 
platinum plate, where it may be evolved as gas. This most nearly 
resembles the case with chlorine—water at one platinum plate, which 
causes the evolution of oxygen at the other platinum plate; the only 
source of polarizing power in the circle being a chlorous affinity. 

6. By much the most powerful voltaic arrangement of this class is 
that in which one chamber of the divided cell is charged with a 
solution of sulphide of potassium, and the other chamber with strong 
nitric acid.* Here we have two concurringsourcesof polarizationin one 
polar chain, namely, the affinity of sulphur for oxygen, tending to 
transmit hydrogen in one direction, and the easy decomposition of 
nitric acid into N O, and O, supplying oxygen to the surface of the 
platinum, which sends a chlorous element in the opposite direction. 
The terminal polar molecules of the metallic segment of the circle are— 

(4) BES ack SO Pt 
| : + — + 

With a single pair of plates so charged water may be decom- 
posed. The action is equally: powerful with chlorine substituted for 
the nitric acid. Such combinations of fluids may be greatly varied : 
all that is necessary is an oxidable substance at one plate, and an 
oxidizing substance at the other. In the first class are protosalts of 
iron, tin and manganese, sulphides, sulphites, hyposulphites; in the 
second, chlorine, nitric, chromic and manganic acids, and _persalts 
of iron and tin. Taking protoxide of iron against peroxide as an 
example of these cases, the terminal molecules of the metallic segment 
may be represented as— 

(5) Pb Ber Gan aia OCRt 
— + — 

It is true we have no evidence of the actual separation of the iron 
or of the oxygen upon the platinum surface ; still there is reason to 
believe such a polarity to be established, assisted by secondary affini- 
ties; the oxygen of the protoxide of iron passing over to an adjoining 
double molecule of protoxide, and converting it into peroxide, to 
allow the metal to jom ina polar molecule with the platinum. At 
the same time, the peroxide of iron at the negative plate may become 
protoxide, while its oxygen is engaged in forming a polar molecule 
with the platinum. But the intensity of polarization with the salts 


* Mr. A. R. Andott, on ‘Some New Cases of Voltaic Action ;” Memoirs of the 
Chem. Soc. i. 142. 
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of iron against each other is feeble compared with that of chlorine or 
nitric acid against an alkaline sulphide. In all these cases the polar 
circle must be completed by a saline compound in the liquid or 
liquids, which may serve as the means of connecting the terminal 
molecules described of the platinum plates, and by metallic polar 
molecules through the wire connecting the platinum plates. 

It was supposed by M. Becquerel that a circle of the present 
description may be formed in which the affinities are those of an 
acid for an alkali: the acid and alkaline solutions being separated by 
porous’ baked clay, which leaves them in free liquid contact, although 
their actual mixture proceeds with extreme slowness. Sulphuric 
acid and potash, however, are generally admitted to be nearly or 
altogether incapable of producing this effect, while acids which part 
readily with oxygen, such as iodic, chloric, chromic, or nitric acid, 
with an alkali, produce a powerful effect. The polarization may be 
referred to the oxygen of the acids, in these last cases, at the negative 
terminal, and is a chlorous affinity. It may possibly be often assisted 
by minute quantities of ammonia, organic or other oxidizable matter, 
at the positive terminal in the alkaline solution.* 

Theoretical considerations.—The facility with which circular 
decompositions take place, and the necessity of their occurrence in 
the action of binary compounds, which was explained under the 
atomic exhibition of a double decomposition at page 239, are un- 
doubtedly the key to the great stimulus to chemical activity, 
which the voltaic arrangement affords. Reverting to the original 
ulustration of the action of hydrochloric acid upon zinc, it may be 
observed that zinc has a strong attraction for chlorine, and would 
combine at once with that element if the latter were free, without 
foreign aid of any kid. But with the chlorine of hydrochloric acid 
the case is different. That chlorine is already combined and strongly 
retained by its own hydrogen: to enable the chlorine to enter into a 
new combination we must relieve it from this attraction, by engaging 
otherwise the affinity of the hydrogen. The contrivance of the vol- 
taic circle is to present another halogen to the hydrogen, and thus 
divert its affinity from the chlorine—the latter being thereby left free 
to combine with the zinc. This requires a train of similar decompo-— 
sitions passing round a circle to the zinc, illustrated in diagram 68 
of page 245 ; and which ends in relieving the external combining 
atom of zinc from the attraction of even the contiguous atom of the 


* Becquerel, Elements d’Electro-Chimie, 1843. 
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same kind; thus dissolving the attraction of aggregation in the 
metal, and resigning the external atom of zinc entirely to the attrac- 
tion of the equally relieved chlorine. It is entirely, therefore, because 
the agent applied to the zinc is a binary compound, and not a free 
element, that this circular mode of action is necessary. 

It is to be remarked in explanation of the facility with which the 
mutual combinations and decompositions in a circular chain occur, 
that they do not necessarily consume any power or occasion waste of 
force. ‘They may be compared to the movement of a nicely balanced 
beam on its ‘pivot, or the oscillation of a pendulum, in which the 
motion is equal in two opposite directions, and requires only the 
minimum of effort to produce it. 

Farther, it is not to be supposed that zinc dissolves by a circular 
action of affinity, only when a negative metal is attached to it, and 
a voltaic circle purposely constructed. or this positive metal never 
appears to dissolve in hydrochloric acid in any other manner; the 
formation of little polar circles in the fluid, starting from one point 
of the metallic mass and returning upon another, being always re- 
quired for its solution (page 268). In the solution of zinc, there- 
fore, by a binary saline body, such as hydrochloric acid, the circular 
or voltaic polarization is the necessary, as well as the most effective 
mode of action of chemical affinity. 

The molecular condition of conductors, such as carbon and the 
metals, in a voltaic circle, appears to be that of polymeric combina- 
tion. Their atoms must be feebly basylous and chlorous to each 
other; the distinction possibly depending upon inequality in their 
proportions of combined heat, and maintain the relation of combi- 
nation. Again, many of these binary molecules are associated together 
like the many similar atoms of carbon, or of hydrogen, which we find 
associated in the polymeric hydrocarbons. The whole must be held 
together by their chemical affinities, and the aggregation of the mass 
be the final resultant of the same attractions. The determination of 
the polar condition in two metals, by the mere application of heat or 
cold to their junction, requires the assumption of the sali-molecular 
structure of metals; and the other proposition, that affinity passes 
into. aggregation, is equally necessary to account for the polar (or 
electrical) effects which are produced by friction or abrasion, as they 
appear to extend to the division of chemical molecules. 

The cumulative nature of chemical combination is well illustrated 
in such compounds as the acid hydrates—in dilute sulphuric acid, 
for instance, where we find an atom of acid uniting with more 
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and miore atoms of water, with a decreasing affinity, but without any 
assignable limit to their number. It is worthy of remark that the 
acids are bodies with chlorous or negative atoms, and their peculiar 
affinity in excess. The polar formula for sulphuric acid (page 205) 


O / We i. 
is Ss ; or three negative to one positive atom. By the apposition 


of a single binary molecule of water, sulphate of water is produced; 
Os 
S ) 
affinity in the compound is in some degree diminished, the formula 
of the latter presenting four negative to two positive atoms. 
The apposition of more and more molecules of water is deter- 
mined by this excess of chlorous affinity, which it tends to neu- | 
tralize ; the constant difference, or excess of two chlorous over the 
number of basylous atoms, becoming proportionally less with 
large numbers of added molecules of water. All the magnesian 
bases appear to assume water to assist in neutralizing their acid 
in the same manner, and retain one equivalent of this water 
in general very strongly. In the formation of a polar chain through 
a solution of a sulphate of this class, we have had reason to sup- 
_ pose that the sulphuric acid applies itself, for the time, to the water 
rather than the metallic oxide as its base (page 265). The phenomena 
of voltaic endosmose were also found to favour the idea of the po- 
larization of highly aggregated molecules, in which. the binary mole- 
cule was represented by a single atom of chlorine or salt-radical, 
against a single atom of hydrogen or metal associated with a large 
number of atoms of water, which constituted together the basylous 
atom. The application of polar formule to the explanation of voltaic 
decompositions of all kinds would, I believe, more correctly express 
the molecular changes that occur, than the usual assumption of the 
binary division of the compound body, in an absolute manner, into 
a basylous atom and a fictitious group forming a halogen body. 


Wy in which the excessive proportion of chlorous atoms and 


GENERAL SUMMARY. 


1. In a closed voltaic circle, a certain number of lines or chains 
of polarized molecules is established, each chain being continuous 
round the circle. Hence the polar condition of the circle must be 
every where the same. The same number of particles of exciting 
fluid are simultaneously polar upon the surface of every zine plate in 
the active cells, and also upon the surface of the zincoid in the cell 
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of decomposition, and the consequent chemical change, or decompo- 
sition occurring, is of the same amount in all the cells in the same 
time. This equality in condition and results is essential to a circular 
polarization, such as exists in the voltaic circle. 

The number of polar chains that can be established at the same 
time in a particular voltaic arrangement, is obviously affected by 
several circumstances :— 

(1) By the size of the zinc plate: the number of particles of zinc 
that may be simultaneously acted upon by the exciting fluid being 
directly proportional to the extent of metallic surface exposed. 

(2) By the nature and accidental state of the exciting liquid, 
some clectrolytes being more easily acted on by the positive metal 
than others ; while the state of dilution, temperature, and other cir- 
cumstances, may affect the facility of decomposition of any particular 
electrolyte. 

(3) The adhesion of the gas bubbles of hydrogen to the copper 
plate, at which they are evolved, interferes much with the action of a 
battery ; partly by reducing the surface of copper in contact with 
acid, and partly by acting as a zincous element, and originating an 
opposite polarization in the battery (page 269). By taking up the 
hydrogen, by means of a solution of sulphate of copper in contact 
with the copper plate, Mr. Daniell increased the amount of circulating 
force six times. 

(4) The chemical action in a cell is also diminished’ by increasing 
the distance from each other in the exciting fluid of the positive and 
negative metals. 

(5) The lmes of chemico-polar molecules in the exciting fluid 
should be repulsive of each other, like lines of magneto-polar elements, 
as illustrated in the mutual repulsion and divergence of the threads 
of steel filmgs which attach themselves to the pole of a magnet (fig. 
63, page 237). That the lines of induction do diverge greatly in 
the acid, starting from the zinc as a centre, is placed beyond doubt 
by many experiments of Mr. Daniell. A small ball of zinc suspended 
in a hollow copper globe filied with acid, is the arrangement in 
which this divergence is least restrained, and was found to be the 
most effective form of the voltaic circle. When the copper, too, 
is a flat plate, and wholly immersed in the acid, the back is found to 
act as a negative surface, as well as the face directly exposed to the 
zinc, showing that the lines of mduction in the acid expand, 
and open out from each other, some bending round the edge of the 
copper plate and terminating their action, after a second flexure, on 
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its opposite side. To collect these diverging lines, the surface of the 
copper may be increased with advantage to at least four times that of 
the zinc. 

(6) The polar chains of molecules, in the connecting wires and 
other metallic portions of the circle, must be equally repulsive of 
each other. Hence the small size of the negative plates in the active 
cells, and of the platinum plates in the cell of decomposition, and the 
thinness of the connecting wires, are among the circumstances which 
diminish the number of polar chains that can be established, and 
impair the general efficiency of a battery. 

2. The effect of multiplying the active cells in a battery is not to 
increase the number of polar chains, or guantity of decomposition, 
but to increase the cz¢ensity of the induction in each chain ; although 
this increase in intensity generally augments the quantity also, in an 
indirect manner, by overcoming more or less completely such obsta- 
cles to induction as have been enumerated. 

3. The intensity of the induction, also, is much greater with some 
electrolytes than others. Thus a single pair of zinc and platinum 
plates excited by dilute sulphuric acid, decomposes iodide of potas- 
sium, proto-chloride of tin, and fused chloride of silver, but not fused 
nitre, chloride or iodide of lead, or solution of sulphate of soda. 
With the addition, however, of a little nitric acid to the sulphuric, 
the same single circle decomposes all these bodies, and even water 
itself. . Here we have a primary chlorous induction from the oxygen 
of the nitric acid, in addition to the basylous induction of the zinc 
(page 268). The former action also is attended by the suppression 
of the hydrogen, so that the evolution of that gas upon the negative 
plate is avoided. 

4, The division of the connecting wire, and the separation of its 
extremities to the most minute distance from each other, is sufficient 
to stop all duction and the propagation of the polar condition in 
an arrangement with the usual good conducting fluids. In a 
powerful voltaic battery consisting of seventy large Daniell cells, no 
induction was observed to pass when the terminal wires were sepa- 
rated not more than the one-thousandth of an inch, even with the 
flame of a spirit-lamp or rarified air between them. Absolute contact 
of the wires was necessary to establish the circulation. But after 
contact was made, and the wires were heated to whiteness, they 
might be separated to a small distance without the induction being 
interrupted : the space between them was then filled with an arch of 
dazzling light, containing detached particles of the wire in a state of 
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intense ignition, which were found to proceed from the zincoid to the 
chloroid,—the former losing matter, and the other acquiring it. So 
highly fixed a substance as platinum is carried from the one terminal 
to the other in this manner; but the transference of matter is most 
remarkable between charcoal points, which may be separated to the 
greatest distance, and afford the largest and most brilliant arch 
of flame. A similar, although it may be an excessively minute 
detachment of matter, is found to accompany the electric spark 
in all circumstances. Hence, the electric spark always contains 
matter. Ina powerful water battery, however, of a thousand couples, 
where the conducting power of the liquid is low, good sparks are 
obtained on approaching the terminals (Gassiot). 

5. When terminal wires of a voltaic circle are grasped in the hands, 
the circuit may be completed by the fluids of the body, provided the 
battery contains a considerable number of cells, and the induction is 
of high intensity: the nervous system is then affected, the sensation 
of the electric shock being experienced. 

6. The conducting wire becomes heated precisely in proportion to 
the number of polar chains established in it, and consequently in 
proportion to the size of the zinc plate ; and this to the same degree 
from the induction of a single cell as from any number of similar 
cells. Wires of different metals are unequally heated, according to 
the resistance which they offer to induction. The following numbers 
express the heat evolved by the same circnlation in different metals, 
as observed PY Mr. Snow Harris :— 


Heat evolved. Resistance. 
Silver . : : 6 : 1 
Copper . : ; 6 1 
Gold : : 9 14 
Zines oe eee ele 8 
Platnum li“ . 930 5 
Tron . : . 30 : 5 
Tin : : ee OG : 6 
Lead. : ied : sguitschie = 
Brass. : . 10 ; 4 3 


The conducting powers of the metals are inversely as these num- 
bers ; silver being a better conductor than platinum in the proportion 
of '5' to “1.” The es power of all of them is found to be 
diminished by heat. 

7. As a portion of the voltaic cirele, the conducting wire acquires 
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extraordinary powers of another kind, which can only be very mtd 
referred to here, belonging as they properly do to physics. 

(1) Another wire placed near and parallel to the conducting wire, 
has the polar condition of its molecules disturbed, and an imduction 
propagated through it in an opposite direction to that in the con- 
ducting wire. 

(2) If the conducting wire be twisted in 1 the manner of a cork- 
screw so as to form a hollow spiral or helix, it will be found in that 
form to represent a magnet, one end of the helix being a north, and 
the other a south pole; and, if moveable, will arrange itself in the 
magnetic meridian, under the influence of the earth’s magnetism. Its 
poles are attracted by the unlike poles of an ordinary magnet, and it 
imparts magnetism to soft iron or steel by induction. Two such 
helices attract and repel each other by their different poles, like two 
magnets. Indeed, an ordinary magnet may be viewed as a body 
having a helical chain of its molecules in a state of permanent che- 
mico-polarity. 

(3) If abar of soft iron bent into the form of a horse-shoe, with 
a copper wire twisted spirally round it, be applied like a lifler to the 
poles of a permanent magnet, at the instant of the soft iron becom- 
ing a magnet by induction, the molecules of the spiral become chemico- 
polar ; and when contact is broken with the permanent magnet, and 
the soft iron ceases to’ be a magnet, the wire exhibits a polarity the 

reverse of the former. By a proper arrangement, electric sparks 
and shocks may be obtained from the wire, while the soft iron in- 
cluded within it is being made and unmade a magnet. The mag- 
neto-electric machine is a contrivance for this purpose, and is now 
coming to supersede the old electric machine, as a source of what is 
termed electricity of tension. Magnetic and electric effects are thus 
reciprocally produced from each other. 

(4) When the pole of a magnetic needle is placed near the con- 
ducting wire, the former neither approaches nor recedes from the 

4 ‘ latter, but exhibits a disposition to revolve round it. The extraor- 

‘ dinary and beautiful phenomena of electrical rotation are exhibited 

in an endless variety of contrivances and experiments. As the mag- 

netic needle is generally supported upon a pivot, it is free to move 

only in a horizontal plane, and consequently when the conducting 

wire is held over or under it (the needle being supposed in the mag- 

netic meridian), the poles in beginning to describe circles in opposite 

directions round the wire, proceed to move to the right and left 

yp of it, and thus deviate from the true meridian. The amount of de- 
| ee we 


thine op UChr. rly a dubrrwtin bea Poy Ke nurpael a 
[aie we Uline a Cm Ce) fort Cprpon kets of a Wabelicey 
Ds nest, totes bed resilience Naa 


ce Se Be te 


_ GENERAL SUMMARY. £279 


-viation in degrees is proportional to the quantity of circulating induc- 
tion, and may be taken to represent it, as is done in a useful instru- 
ment, the galvanometer, to be afterwards described. It was in the 
form of these deflections, that the phenomena exhibited by a magnet, 
‘under the influence of a conducting wire, first presented themselves 
to Oersted in 1819. 
Fic. 81. 8. Thermo-electrical phenomena are produced from 
-the effect of unequal temperature upon metals in 
contact. If heat be applied to the point c, (fig. 81), 
at which two bars of bismuth and antimony 6 and a 
are soldered together, on connecting the free ex- 
- tremities by a wire, the whole is found to form a 
weak voltaic circle, with the induction from 4 through 
the wire to a. Hence in this thermopolar arrange- 
ment the bismuth is the negative metal, and may be compared to the 
copper in the voltaic cell. If cold instead of heat be applied to ¢, a 
current also is established, but in an opposite direction to the former. 
Similar circuits may be formed of o:her metals, which may be ar- 
ranged in the following order, the most powerful combination being 
formed of those metals which are most distant from each other in 
the following enumeration : bismuth, platinum, lead, tin, copper or 
silver, zinc, iron, antimony. When heated at their points of con- 
tact, the current proceeds through the wire from those which stand 
first to the last. According to Nobili, similar circuits may be formed 
with substances of which the conducting power is lower than that of 
the metals. | 
Several pairs of bismuth and antimony bars may be associated as 
in fig. 22, and the extreme bars being connected by a wire, form an 
Fie. 82. arrangement resembling a compound 
voltaic circle. Upon heating the upper 
junctions, and keeping the lower ones 
cool, or on heating the lower ones and 
keeping the others cool, an induction 
is established in the wire, more intense 
than in the single pair of metals, but 
still very weak. The conducting wire strongly affects a needle, caus- 
ing a deflection proportional to the inequality of temperature between 
the ends of the bars. Melloni’s thermo-multiplier is a delicate in- 
strument of this kind, which is even more sensitive to changes of 
temperature than the air-thermometer, and has afforded great assist- 
ance in exploring the phenomena of radiant heat (page 35). 
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In such a compound bar, also, unequal temperature may be pro- 
duced, by making it the connecting wire of a single and weak voltaic 
circle; whereupon the metals become cold at their junction, if the 
induction is from the bismuth to the antimony, and hot at the same 
point if the induction is in the opposite direction. ‘These are the 
converse of the preceding phenomena, in which electrical effects 
were produced by inequality of temperature. 

9. The friction of different bodies is another source of electrical 
phenomena; One, at least, of the bodies rubbed together must not 
be a conductor, and in general two non-conductors are used. 
When a silk handkerchief or a piece of resin is rubbed upon glass, 
both are found, after separation, in a polar condition, and continue 
in it. The rubbing surface of the glass becomes and remains zin- 
cous, and that of the resin or silk is chlorous; and a molecular 
polarization is at the same time established through the whole mass 
of both the glass and resin, reaching to their opposite surfaces, which 
exhibit the other? polarity. The powers thus appearing on the two 
rubbing surfaces, being= manifestly different, were distinguished by 
the names of the bodies on which they are developed ; that upon the 
glass as vitreous electricity (basylous affinity), and that upon the resin 
as resinous electricity (halogenous affinity). | 

In comparing the chemico-polarity excited by friction with that 
of the voltaic circle, we observe that the former is of high intensity 
but small in quantity, or affecting only a small number of trains of 
molecules. Also that the polar condition is more or less permanent, 


depending upon the insulation, and attended with a disturbance of — | 


the polar condition of surrounding bodies to a considerable distance, 
giving rise to electrical attractions and repulsions, or statical pheno- 
mena. If both the excited and vitreous resinous surfaces have aconduct- 
ing metal, suchas a sheet of tin-foil, applied to them, and each sheet have 
a wire proceeding from it, the wires and tin-foil are polarized similarly 
to the glass and the resin which they cover; and a saline body placed 
between the extremities of the wires, which are respectively a zincoid 
and chloroid, is polarized also, and decomposed. But the amount 
of decomposition, which is a true measure of the guantity of polar 
chains, is extremely minute compared with the amount of polar- 
ization in the voltaic circle. Thus, Mr. Faraday has calculated 
that the decomposition of one grain of water by zine, in the active 
cell of the voltaic circle, produces as great an amount of polarization 
and decomposition in the cell of decomposition, as 950,000 charges 
of a large Leyden battery, of several square feet of coated surface ; 
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an enormous quantity of power, equal to a most destructive thunder 
storm. ‘The polarization from friction is therefore singularly intense, 
although remarkably deficient in quantity, or in the number of chains 
of polar molecules. 

The kinds of matter susceptible of this intense polarization are so 
many and so various, such as glass, minerals, wood, resins, sulphur, 
oils, air, &c., as to make it difficult to suppose that the polar mo- 
lecule is of the same chemical constitution in all of them, as-it is in 
the electrolytes of the voltaic circle. Indeed, it must be admitted 
that all matter whatever may be forced into a polar condition by a 
most intense induction. 

Electrical induction at a distance, Mr. Faraday has shewn to be 
always an action of contiguous particles, chains of particles of air, 
or some other “ dielectric,’ extending between the excited body 
which is inducing, and the induced body. His investigatlon of this 
subject led to the remarkable discovery that the intensity of electric 
induction at a constant distance from the inducing body is not 
always the same, but varies in different media, the induction through 
a certain thickness of shell-lac, for instance, being twice as great as 
through the same thickness of air. Numbers may be attached to 
different bodies which express their relative inductive capacities :— 


Specific inductive capacity of air . » Ae eee 
| i s glass : on a By di 
” 2 shell-lac . whe 
§ e sulphur . - 2.24 


The inductive capacity of all gases is the same as that of air, and 
this property, it is remarkable, does not alter in these bodies with 
‘variations in their density. 

10. Mr. Faraday has lately made the important discovery that a. 
ray of polarized light, passing through a transparent liquid or solid, 
is deflected, and takes a spiral direction, or has a motion of rotation 
communicated to it by the approximation of the pole of a powerful 
electro or natural magnet; the pole of the latter being so placed that 
the ray is in the direction of the lines of attraction of the magnet. 
The amount of the deflection of the ray varies in different transparent 
bodies,-and is approximatively expressed for oil of turpentine by 
11.8, heavy borate of lead glass 6.0, flint-glass 2.8, rock-salt 2.2, 
water 1, alcohol and ether less than water (Phil. Trans. 1846). 

11. Operating with’ electro-magnets of the highest power, Mr. 
Faraday has obtained results of a fundamental nature respecting the 
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magnetic capacity of different kinds of matter. The magnetic ‘field 
being represented as in fig. 83, Fig. 83. 

where N and S are the two poles, 
the dotted line N S connecting these 
poles, or line of magnetic force, is 
conveniently termed the axial direc- 
tion, and the line e 7, perpendicular 
to the former, the equatorial direc- 
tion. When a bar of bismuth, two inches long, 0.33 inch mile and 0.2 
thick, was delicately suspended by a thread of untwisted silk, and 
placed between the magnets, it arranged itself.in the direction of e 7, 
or equatorially. All kinds of solid, hquid, and even gaseous matter 
have a certain amount of tendency to place themselves, ike the bis- - 
muth bar, across the axial or proper magnetic direction. ‘This equa- 
torial tendency is, however, overcome and negatived by the smallest 
proper magnetic property which bodies may possess, as this is the 
axial polarity, and causes the substance to set with its greatest length 
in the direction NS. . Besides iron, nickel and cobalt, the usual 
magnetic metals, platinum, palladium and titanium, proved to be 
axial bodies. So are all the salts containing iron, nickel, or cobalt, 
as-base. Liven bottle glass is comparatively very magnetic, from the 
iron it contains; so is crown (window) glass, but not flint glass. 
The solutions of these salts are also magnetic. Crystals of the yellow 
ferrocyanide and red ferricyanide of potassium are not magnetic, but 
set equatorially.. The iron, it will be remembered, belongs to the 
acid in these last salts. The salts of the oxides of the followmg 
metals proved magnetic, and Mr. Faraday is disposed to infer that 
the metals themselves are so—manganese, cerium, chromium. Paper 
and many other organic and mineral substances often contain enough 
of iron to make them fall into the same class. 

The bodies which place themselves equatorially are named dia- 
magnetic. The endless list of them is also headed by metals, which 
appear to possess this power in different degrees of intensity aecord- 
ing to the following order :— 


' DIAMAGNETIC METALS. 


Bismuth. Cadmium. 
Antimony. Mercury. 
Zinc. Silver. 


Tin. RESP, Le Copper. 
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The other non-magnetic metals are diamagnetic in a less degree. 
This property is not sensibly impaired by heating the metals up to 
their fusing points. The property may be experimentally illustrated 
by pointed pieces of rock crystal, glass, phosphorus, sealing-wax, 
caoutchouc, wood, beef, bread, &c. (Phil. Trans. 1846). 

Hot air and flame are more diamagnetic than cold or cooler air, so 
that a stream of the former spreads itself equatorially in ascending 
between magnetic poles. Of many gases and vapours tried by Mr. 
Faraday, oxygen was found to be the least diamagnetic; and this 
element appears to lower the equatorial tendency of the gases into 
which it enters as a constituent. Nitrogen is more highly diamag- 
netic than carbonic acid or hydrogen. In an atmosphere of carbonic 
acid gas (instead of air) between the magnetic poles, streams of 
hydrogen gas, coal gas, olefiant gas, muriatic acid, and ammonia, 
passed equatorially, and are therefore more diamagnetic. A stream 
of oxygen, which is so little diamagnetic, had, consequently, “ the ap- 
pearance of being strongly magnetic in coal gas, passing with great 
impetuosity to the magnetic axis, and clinging about it; and if 
much muriate of ammonia fume were purposely formed at the time, 
it was carried by the oxygen to the magnetic field with such force as 
to hide the ends of the magnetic poles. If, then, the magnetic 
action were suspended for a moment, this cloud descended by its 
gravity ; but being quite below the poles, if the magnet were again 
rendered active, the oxygen cloud immediately started up and took 
its former place. The attraction of iron filmgs to a magnetic pole 
is not more striking than the appearance presented by the oxygen 
under these circumstances*.” 
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Daniell’s constant battery.—A cell of this battery consists of a 
cylinder of copper 34 inches in diameter, which experience has 
proved to the inventor to afford the most advantageous distance 
between the metallic surfaces, but which may vary in height from 6 
to 20 inches, according to the power which it is wished to obtain. 
A membranous bag formed of.the gullet of an ox, is hung in the 
centre by a collar and circular copper plate, resting upon a rim within 
and near the top of the cylinder ; and in this is suspended by a wooden, 


* Faraday, Phil. Mag. xxxi, 415. 
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cross-bar, a cylindrical rod of amalgamated zine half an inch in 
diameter. Or a tube of porous earthenware, shut at the bottom, is 
substituted for the membrane with great convenience. The outer 
cell is charged with a mixture of 8 measures of water and 1 of oil of 
vitriol, which has been saturated with sulphate of copper, and por- 
tions of the solid salt are placed upon the circular copper plate, which 
is perforated like a colander, for the purpose of keeping the solution 
always in a state of saturation. The internal tube is filled with the 
same acid mixture without the salt of copper. A section of the 
upper part of one of these cells is here represented : a 4 c¢ d (fig. 84) is 
Fie. 84. the external copper cylinder; e fg h, the 
internal cylinder of earthenware, and 7 m 
the rod of amalgamated zinc. Upon a 
ledge c d; within an inch or two of the top 
of the cylinder, rests the cylindrical colander 
ik, which contains the copper salt, and both 
the sides and’ bottom of which are’ perfo- 
rated with holes. A number of such cells 
may be connected into a compound circuit, 
with wires soldered to the copper cylinders, 
and fastened to the zinc by clamps and 
screws as shewn below, in fig. 85. (Daniell’s 
Introduction to Chemical Philosophy). 
Fie. 85. Instead of the zinc 
| aie \ cylinder a thick plate 
of laminated zinc is 
now generally used, 
which is more re- 
gularly amalgamated , 
than the cast cylin- 
der. 


Tn this instrument 


j "ih thi Ui | | \ “i | i a the sulphate of zinc, 
| | Q. | | iI ib i | formed by the solu- 
| ui 


i 1. tion of the zinc rod, 
is retained in the stoneware cylinder, and Hired from diffusing 
to the copper surface; while the hydrogen, instead of being evolved 
as gas on the surface of the latter metal, decomposes the oxide of 
copper of the salt there, and occasions a deposition of metallic 
copper on the copper plate. Such a circle will not vary in its action 
for hours together, which makes it invaluable in the investigation of 
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voltaic laws. It owes its superiority principally to three circum- 
stances :—to the amalgamation of the zinc, which prevents the waste 
of that metal by solution when the circuit is not completed; to the 
non-occurrence of the precipitation of zinc upon the copper surface ; 
and to the complete absorption of the hydrogen at the copper surface, 
the adhesion of globules of gas to the metallic plates greatly di- 
minishing, and introducing much irregularity into the action of a 
circle. 

Grove's nitric acid battery.—In this battery the positive metal 
is amalgamated zinc, and the negative metal platinum, while the in- 
termediate liquid is of two kinds, dilute sulphuric acid of sp. gr. 1.125 
in contact with the zinc, and strong nitric acid in contact with the 
platinum. In fig. 86, a represents a flat cell of porous earthenware, 


Fic. 86. 


to contain the nitric acid and platinum plate; 0, the platinum plate; 
d, the zine plate, which is doubled up to include the porous cell ; 
e, a cell of glazed earthenware to contain the sulphuric acid and zinc 
plate; , a wooden frame to support the last cell, terminated above 
by copper plates provided with clamps, by which the terminal wires 
are attached. Two wooden wedges, such as c, are required to fix 
the upper end of the zinc plate on the one side, and the plati- 
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num plate on the other, as in fig. 87. Tia. 87. 
Convenient dimensions for the princi- 
pal parts are, the external cell e, 44 
inches by 23 and 14; porous cell a, 
42 by 24 and 3 inch; platinum plate 
5 inches by 24, and weighing about 
10 grains in the square inch. 

In fig. 88, six of these cells are 
placed together in a wooden frame, 
with the upper part of each end of the 
frame of stout sheet copper, to which 
the plates and wires can be clamped. 
The wires from the platinum and zinc 
ends of the battery, have platinum 
plates, a and 0, attached to them as 


Fig. 88. 


aw 


terminals. A battery of this size will evolve 8 or 10 cubic inches of 
mixed oxygen and hydrogen gases in the voltameter per minute. It 
is equal to several times as many cells of the preceding battery. The 
polarizing power is very intense, and little more decomposing ‘power 
is gained by increasing the number of cells beyond five or six. 

The carbo-zine battery of Bunsen, which is much used on the 
continent, 1s a modification of the last construction, in which char- 
coal in contact with the nitric acid is substituted for platinum The 


) ; rQ 
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carbon is in the form of a hollow cylinder, and is made by coking 
pounded coal in a proper iron mould. By soaking the coke in sugar, 
and calcining a second time, great compactness is given to the cylin- 
der. The latter is so large as to include the porous cell containing 

Fic. 89. the zinc and acid, and is itself placed in a 
stout glass cylinder, of which the neck is 
contracted so as to support the coke cylinder 
(fig. 89). The zine cylinder ¢ is connected 
i) by a slip b and ring a of the same metal 
} with the coke cylinder, of which the upper 
end is made a little conical to hold the ring. 
This battery has the advantage of enlarged 
negative surface, and provides ample space 


for the nitric fs, 

For other useful forms of the battery, such as that introduced by 
Mr. Smee, in which a thin sheet of silver covered by a deposit of 
platinum (platinized silver) is the negative metal, I must refer to 
works upon Electricity. 

Bird's battery and Secon cell. Pg M. Becquerel we are 
particularly indebted for the investigation of the decomposing powers 
of feeble currents, sustaimed for a long time, the results of which are 
of great interest, both from the nature of the substances that ‘can 
be thus decomposed, and from the form in which the elements of the 
body decomposed are presented, the slow formation of these bodies 
permitting their deposition in regular crystals.* Dr. Golding Bird 
has also added to the number of bodies decomposed by such means, 
and contrived a simple form of the battery, which, with Becquerel’s 
decomposing _ cell, renders such pesparbositions certain and ‘easy. 

ct Bie. 90. The decomposing cell consists 

oY of a glass cylinder a, (fig. 90) 

within another. glass cylinder b. 
The inner cylinder a is. 4 inches 
long, and'14 inch in diameter, 
and is closed at the lower end 
by a plug of plaster of Paris 
0.7 inch in thickness: this cy- 
linder is fixed by means of 
wedges of cork within the other, 
which is a plain jar, about 8 


* Traité Experimental de PElectricité et du Magnétisme, par M. Becquerel. 
+ Phil. Trans. 1837, p. 37. 
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inches deep by 2 inches in diameter. A: piece of sheet copper c, 4 
inches long and 3 inches wide, having a copper conducting wire 
soldered to it, is loosely coiled up and placed in the inner cylin- 
der with the plaster bottom: a piece of sheet zinc z, of equal 
size, is also loosely coiled, and placed in the outer cylinder; 
this zinc likewise being furnished with a conducting wire. The 
outer cylinder is then nearly filled with a weak solution of common 
salt, and the inner with a saturated solution of sulphate of copper. 
The two fluids are prevented from mixing by the plaster diaphragm, 
and care being taken that they are at the same level in both the 
cylinders, the circle will afford, on joming the wires, a continuous 
current for weeks, the chloride of sodium and the sulphate of copper 
being very slowly decomposed. After it has been in action for some 
weeks, chloride of zinc is found in the outer cylinder: and beautiful 
crystals of metallic copper, frequently mixed with the ruby suboxide 
(closely resembling the native copper ruby ore in oppearance), with 
large crystals of sulphate of soda, are found adhering to the copper 
plate in the smaller cylinder, especially on that part where it touches 
the plaster diaphragm. 

The decomposing cell is the sane of the battery itself, con- 
sisting, like it, of.two glass cylinders, one within the other, the smaller 
one c having a bottom of plaster of Paris fixed into it: this smaller 
tube may be about 4 inch wide and 3 inches in length, and is in- 
tended to hold the Se Ait or other solution to be decomposed, the 
external tube d, in which the other is immersed, being filled with a 
weak solution of common salt. In the latter solution a slip of amal- 
gamated zinc-plate 2‘, soldered to the wire coming from the copper 
plate c of the battery, is immersed ; anda slip of platinum foil pJ, 
connected with the wire from the zinc plate z of the battery, is im- 
mersed in the liquor of the smaller tube, being held in its place bya | 
cork, through which its wire passes. ‘The whole arrangement is now 
obviously a pair of active cells, of which ¢ 2’ is one sotallig element, 
and z pl the other;°and-the fluid between z and c divided by the 
porous plaster diaphragm, one fluid element, and the fluid between 
zand pl, divided by a porous plaster diaphragm, another fluid ele- 
ment ; although it will be convenient to speak of the lastas the cell 
of decomposition. With a ‘solution of chlorides or nitrates of iron, 
copper, tin, zinc, bismuth, antimony, lead or silver, in the smaller 
tube, Dr. Bird finds the metals to be reduced upon the surface of the 
platinum, generally but not invariably in possession of a perfect 
metallic lustre, alwaye't more or less crystalline, i often very ‘bean- 
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tifully so. The crystals of copper rival in hardness and malleability 
the finest specimens of native copper, and those of silver, which are 
needles, are white and very brilliant. The solution of fluoride of 
‘silicon in alcohol being introduced into the small tube by Dr. Bird, a 
deposition of silicon upon the platinum was found to take place in 
24 hours, which was nearly black and granular, and is described as 
exhibiting a tendency to a crystalline form. From an aqueous solution 
of the same fluoride, a deposition of gelatinous silica was observed to 
take place around the reduced silicon, mixed with which, or precipi- 
tated in a zone on the sides of the tube, especially if of small dia- 
meter, frequently appear minute crystalline grains of silica or quartz, 
of sufficient hardness to scratch glass, and appearing translucent 
under the microscope. With a modification of the decomposing cell 
described, Dr. Bird succeeded in decomposing a solution of chloride 
of potassium, and obtained an amalgam of potassium.- The inner 
tube c was replaced by a small glass funnel, the lower opening of 
which was stopped with stucco, and which thus closed retained a 
weak solution of the alkaline chloride poured into it. Every thing 
external to this funnel remaining as usual, mercury, contained in a 
short glass tube, like a thimble, was placed in the funnel, and covered 
by the liquid, and instead of the platinum plate, a platinum wire, 
coiled into a spiral at the extremity, was plunged into the mercury, 
‘the other end of this wire being connected with the zinc plate 2 of 
the battery. The circuit having been thus completed, the mercury 
had swollen in eight or ten hours to double its former bulk, and 
when afterwards thrown into distilled water, evolved hydrogen, and 

Fig. 91. produced an &lka- 
g) line solution, A 
solution of hydro- 
chlorate of ammo- 
nia being  substi- 
tuted for that of 
chloride of potas- 
sium, in this expe- 
riment, the metal 
swells to five or six 
times its bulk ina 
few hours, and the 
semi-fluid amalgam 
of ammonium is 
formed. ‘These fee- 
ble currents thus ef- 
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fect decompositions, in the lapse of time, which batteries of the 
ordinary form, and considerable magnitude, may effect very imper- 
fectly, or fail entirely in producing. 

V olta-meter.—The decomposing power of a battery is represented 
by the quantity of oxygen and hydrogen gases evolved in a cell of 
decomposition containing dilute sulphuric acid. The volta-meter 
(fig. 9T) is simply a cell so charged, and of a proper form to allow 
of the gases evolved being collected and mea sured. 

Galvanometer.—The sensibility of the magnetic needle to the 
influence of the conducting wire of a voltaic circle brought near it, 
has been applied to the construction of an instrument which will 
indicate the feeblest polarization or slightest current in the connecting 
wire. It consists of a pair of magnetic needles (fig. 92), fixed on one 

ORE Oo axis with their attracting 
poles opposite each other, 
so as to leave them little 
or no directive power, and 
render them astatic, which 
is delicately suspended by 
a single fibre of unspun 
silk. The lower needle 

Ta is enclosed within a cir- 
. are) | cle formed by a hank of 
“ | | covered wire B, of which 
p and # are the extremi- 
ties. When the terminal 
wires of a battery are con- 
nected with the wires, 
- the hank of wire of the 
galvanometerbecomespart _ 
of the connecting wire, 
‘and the needle is de- 
flected. The inductions proceeding in one direction above the 
needle and returning in the opposite direction below the needle, 
conspire to produce the same deflection; and the upper needle 
having its poles reversed, is deflected in the same direction, by the 
wire Beis it, as the lower needle is by the wire above that needle. 
Every turn of the wire also repeats the influence upon the needle, 
so that the deflection is increased in proportion to the’ number of 
turns or coils in the hank of wire. 
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‘NON-METALLIC ELEMENTS. 4 é FZ , 
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Section 1.—OxyGen. 


Equivalent 8 (hydrogen = ior 100 as the basis of the Oxygen 
Scale ; density 1105°6 (atr =1000) ; combining measure |_| 
(one volume.) 


Tue following thirteen of the sixty-two elementary bodies known%, are 
included in the class of non-metallic elements :—oxygen, hydrogen, 
nitrogen, carbon, boron, silicon or silicium, sulphur, selenium, 
phosphorus, chlorine, bromine, iodine, and fluorine. Of these, 
oxygen, from certain relations which it bears to all the others, and 
from its general importance, demands theearliest consideration. — 

The name oxygen Js compounded of ofc, acid, and yevrvaw, I give 
rise to, and was o this element by Lavoisier, with reference to 
its property of forming acids in uniting with other elementary bodies. 
Oxygen is a permanent gas, when uncombined, and forms one-fifth 
part of the air of the atmosphere. In.a state -of combination, this 
element is the most extensively diffused body im-nature, entering as.a 
constituent into water, into nearly all. the earths and rocks of which 
the crust of the globe is composed, and into all organic. products, 
with a few exceptions. It was first recognised asa distinct sub- 
stance by Dr. Priestley in this:country, in 1774, and about a year 
afterwards by Scheele in Sweden, without any knowledge of Priestley’s 
experiments. From this discovery may be. dated the origin of true 
chemical theory. 

Preparation.—Oxygen gas is generally disengaged from some com- 
pound containing it, by the action of heat. 

1. It was first procured by Priestley, by heating Red’ Precipi- 
tate (oxide of mercury), which is thereby resolved into fluid mercury 


* This number inclades three elements—erbium, terbium, and ilmenium, of which 
the existence is doubtful. 
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and oxygen gas. ‘To illustrate the formation of oxygen in this way, 

200 grains of red precipitate may be introduced into the body of a 

small retort a of hard or difficultly fusible glass, and the retort 
Fic. 98. 


we LY. Mertr~to~, 
hac La Zohrteey yn 
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united in an air-tight manner with a small globular flask 6, having two — 
openings, both closed by perforated corks, one of which admits the 
beak of the retort, and the other an exit tube c, of glass, bent as in 
the figure. ‘The extremity of the exit tube is introduced into a gra- 
duated jar capable of holding 50 or 60 cubic inches, and placed 
in an inverted position, full of water, upon the shelf of a pneumatic 
water-trough. Heat is then applied to the retort by means of an 
Argand : spirit lamp powerful: enough to raise it to a red heat, and 
maintain it at that temperature for a considerable time. «The first — 
effect of the heat is to expand the ‘air in the retort, bubbles of :which 
issue from the tube c, and rise to the top of the jar displacing 
water; but more gas follows, which is oxygen, and at the same time 
metallic mercury condenses in the neck of the retort and runs down 
into the intermediate flask 6. When the red precipitate in the retort 
-has entirely disappeared, the lamp may be extinguished, and the 
retort allowed to cool completely. The end of the exit tube c being 
now above the level of the water in the jar, which is nearly full of | 
gas, a portion of the latter, equal in bulk to the air which first left 
the retort, will return to it, from the contraction of the gas within 
the retort. The jar will be found in the end to contain 44 cubic 
inches of gas, which is therefore the measure of oxygen produced in 
the experiment, and the flask to contam 185 grains of mercury. 
‘Now 44 cubic inches of oxygen weigh 15 grains; .and a. true ana- 
lysis of the red precipitate has been effected, of which the result is, 
that 200 grains of that substance consist of— 
185 grains mercury. 
very, 8 » oxygen, (44 cubic inches.) 
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~ But oxygen gas is more generally derived from two other sub- 
stances—oxide of manganese and chlorate of. potash, 

2. When the gas is required in large quantity, and exact purity 
is immaterial, the oxide of manganese is preferred, from its cheapnes 
This is a mineral, found in Devonst i Lice Darn? 


- stadt, and other localities, of which upwards of 40, 000 tons are con- 


sumed annually in the manufactures of the country. It is called an 
oxide of manganese, because it is a compound of the metal manga- 
nese with oxygen. In explanation of what takes place when this 
substance is heated, it is necessary to state that manganese is capable 
of uniting with oxygen in several proportions, namely, one equiva- 
lent, or 27.67 parts of manganese, with 8, and with 16 parts of oxy- 
gen; and two equivalents of manganese with 24 parts of oxygen. 
These compounds are ;— 


Protoxide of manganese. . . . Mn+ O, 
Pes WIOXIdey 7.) eal” ehiae yoo OO, 
Binoxide, or native black oxide , Mn-+20O, 


Now the binoxide, however strongly heated,-never loses more. than 
one-third of its oxygen, being converted into a compound of the 
first two oxides; that is, three equivalents of bioxide (131.01 parts) 
lose two equivalents of oxygen (16 parts), and leave a compound of 
one eq. of sesquioxide and one eq. of protoxide; a change which 


may be thus expressed :-— 


20 
PMD vai cae O,-+ Mn O. 

One of the malleable iron bottles in which mercury is imported is 
readily converted into a retort, in which the black oxide may be 
heated, by removing its screwed iron stopper, and replacing this by 
an iron pipe of three feet in length, onee nd of which has been cut to 
' the screw of the bottle. This pipe may be bent like a, figure 94, 
if the bottle is to be heated in an open fire, or in a furnace open at 
the top. From 8 to 9 pounds of the oxide may be introduced as a 
charge, according to the quantity of gas to be prepared, each pound 
of good German manganese yielding about 1400 cubic inches, or 
5.05 gallons of gas. Upon the first application of heat, water comes 
off, as steam, mixed occasionally with a gas which extinguishes flame; 
this is owing to the impurity of the oxide. The products may be 
allowed to escape, till the point of a wood-match, red without flame, 
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applied to the orifice, is rekindled and made to burn with brilliaiicy ; 
the gas is then sufficiently pure, and means must be taken for collect- 
ing it. A small flexible tin tube 4, of any convenient’ length, is 


Fig. 94, 


adapted to the iron pipe, by means of a perforated cork, by which 
the gas is conveyed to a pneumatic trough, and collected in glass 
jars filled with water, as in the former experiment ; or, as this process 
affords considerable quantities of oxygen, the gas is more generally 
conducted into the inferior cylinder or drum of a copper gas holder 
c, full of water. The water does not flow out by the recurved tube 
which forms the lower opening, but is retained in the vessel by the 
pressure of the atmosphere on the surface of the water in that tube, 
as water is retained in a bird’s drinking-glass. But when the tin 
tube is introduced into the gas-holder by this opening, water escapes 
by it, in proportion as gas is thrown into the cylinder and rises in 
bubbles to the top. The progress of filling the gas-holder may be 
observed by the glass gauge-tube g, which is open at both ends, and 
connected with the top and bottom of the cylinder, so that the water 
stands at the same height mm the tube as in the cylinder. Convenient 
dimensions for the cylinder itself are 16 mches in height by 12 in 
diameter ; to fill which a charge of three pounds of manganese may 
be used. The gauge-tube is so apt to be broken, or to occasion 
leakage at its junctions with the cylinder, when. the latter is large 
and unwieldy, that it is generally better to forego the advantage it 
‘offers, and dispense with this addition to the gas-holder: _‘When ap- 
plied to a small gas-holder, the ends of the tube are conveniently 
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adapted to the openings of the cylinder, by means of perforated corks, 
which are afterwards covered by a mixture of white and red lead 
with a drying oil. 

After the cylinder 1 is filled, thelower opening by which the gas 
was admitted is closed by a #604 Cork, or by a brass cap made to 
screw over it. ‘The superior cylinder is an open water trough, con- 
nected with the inferior cylinder by two tubes provided with stop- 
cocks, m and #, one of which, m, is continued to the bottom of that 
vessel, and conveys water from the superior cylinder, while the other 

Fic. 95. tube, 7, terminates at the top of the inferior cylinder, and 
affords a passage by which the gas can escape from it, 
when water is allowed to descend by the other tube. The 
tube and perforation of the stopcock of m should be con- 

3 siderably wider than 2. <A jar a is filled with gas by ; 
iit, inverting it full of water in the superior cylinder, over the 
] opening of ~, as exhibited in the figure, and allowing the 
4” gas to ascend from the inferior cylinder. Gas may like- 
wise be obtained by the stopcock / (fig. 94), water being allowed to ' 
enter by m at the same time. i 


Oxygen may likewise be disengaged from oxide of manganese in a y 
flask or retort, by means of sulphuric acid diluted with an equal bulk 4 
of water, but this is not a process to be recommended. When the 
quantity of oxygen required is not very large, it- is better to have 
recourse to chlorate of potash, which has also the advantage of 

ing a perfectly pure gas. ~ 
a ‘ Rogaine “Raters oil flask, the edges of the mouth of iit { 
which have been heated and turned over so as to form a lip, with a {i aeR . ? 


bent glass tube and perforated cork fitted to 1t (fig. 96), forms a con- ‘j 

venient retort in which about half an ounce of chlorate of potash may Yt Trwney Ja breg 

be heated by means of a gas flame or Argand spirit lamp. The salt ie Zz ‘knit 

melts, although it contains no water, and when nearly red hot emits “7? -« 
Fig. 96, abundance of oxygen gas. 

At one point of thedecom- 


a 
5 
j 
% 
: 
position, the effervescence | 
; 


iy ~ 


may become so violent as 
to burst the flask, especi- 
ally if the exit tube be 
narrow, unless the heat 
be moderated. The chlo- 
rate of potash parts with 
all the oxygen it pos- 
‘sesses, which amounts to 
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hot, wt mixed with dry powders, upon which it exercises no chemical action, 
Whe as particularly metallic peroxides, such as the binoxide of manganese and Si. faa 
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39°2 per cent. of its weight, and leaves a white hard salt, the chloride 


tassium, ff TEL yee (GRe FOOD flctes + a Gfefinr Coton j Aves 


gs ee ha flute. Galy inconvenience attending the preceding process is the @% . 


high temperature required, which would soften a retort or flask of “¢ © “/- 


Been. Me Lobe flint glass. .It was discovered, however, by M. Mitscherlich’ that/27°=7* “e 


gs tthe 


1tve a 
ae 


chlorate of potash is decomposed at a much lower temperature whené* 
ee. Cacutcote 


he black oxide of copper. Nothing can answer better than thegug, “lt. 


/ DRONES of manganese, after being made anhydrous by a short ~ 


exposure to a red heat. ‘Fwo parts of chlorate of potash in powder, — 


) "mixed with one part of the dried oxide, forms a useful “ oxygen 
e/har wed y mixture,” which may be made in quantity and preserved for occa- 
Cit Uf sional use, | 

j Jud 2xppears that one equivalent of it (122°5 parts) contains six equivalents 


From an atomic statement of the composition of chlorate of potash it 


of oxygen (48 parts), namely five eq. in the chloric acid and one eq. 
in the potash, the whole of which come off, leaving one equivalent of 
chloride of potassium (74°5 parts) :— | | 

-K0+d10 =\e 


K Cl. 


Half an ounce of chlorate of potash should yield 270 cubic inches or 
nearly a gallon of pure oxygen gas. 
4, Another process for oxygen gas, proposed by Mr. Balmain, 
consists in heating in a retort 8 parts of the bichromate of potash in 
powder, with 4 parts of undiluted sulphuric acid: the gas comes off 
in a continuous stream, and a mixture of sulphate of potash and sul- 
phate of sesquioxide of chromium remains behind in the retort. The de- 
composition which takes place is explained in the following formula:— _ ry 
KO, Cr,05 with 4 SO,, give KO, SO, with Cr,0, 380, and 30. [oy | 
The bichromate of potash loses one-half of the oxygen contained © a 
in the chromic acid, or about 16 per cent. of its weight; one ounce of ~— 
salt yielding about 200 cubic inches of gas. 
Properties.—Oxygen gas is colourless, and destitute of odour and _ 
taste. It is heavier than air in the ratio of 1105-6 to 1000, accord- 
ing to the latest careful determination, that of M. Regnault.* | 
At the temperature of 60°, and with the barometer at 30 inches, 


* Annales de Chimie, &., 1845, 8e. ser. t. xiv. p. 211. The mean of three weighings 
previously made by MM. Dumas and Boussingault, was 1105-7 (ibid. t. viii. p. 201). 
Baron Wrede found 1105°2. At a much earlier period T. de Saussure obtained 
Reguault’s number, 1105°6. These coincidences in the results of independent observers 


pone rae . 
or ee : ie 
‘ “ ie: ‘ aoe a «pes 
\ ‘sae ; ve eee 


OXYGEN. ; 297 


100 cubic inches of oxygen gas weigh 3419 grains (Regnault). 
One cubic inch, therefore, weighs 0°3419 gr., or about $ of a grain. 
It has never been liquefied by cold or pressure. 

Oxygen is so sparingly soluble in water, that when agitated in’ 
contact with that fluid no perceptible diminution of its volume takes 
place. But when water is previously deprived of air by boiling, and 
allowed to cool in a close vessel, 100 cubic inches of it dissolve 34 
cubic inches of this gas, : 

If a lighted wax taper attached ta ‘a copper wire be blown out, and ee bray. 
dipped into a vessel of oxygen gas, while the wick remains red hot,’ 
it instantly rekindles with a slight explosion, and burns with great 
briltancy. . If soon withdrawn and blown out, it may be revived 
again in the same manner, and the experiment be repeated several 
times in the same gas. Lighted tinder burns with flame in oxygen, 
and red-hot charcoal with brilliant scintillations, Burning sulphitr 
introduced into this gas in a little hemispherical cup of? ironi-plate 
with a wire attached to it, burns with an azure blue flame of con- 
siderable intensity. Phosphorus introduced into oxygen in the same 
manner, burns with a dazzling light of the greatest splendour, 
particularly after the phosphorus boils and rises through the gas in 
vapour. Indeed, all bodies which burn in air, - burn with increased 
vivacity in oxygen gas. Even iron wire may be burned in this gas. 
For this purpose thin harpsichord wire should be coiléd about a 
cylindrical rod into a spiral form, The rod being withdrawn, a piece 
of thread must be twisted about one end of the wire, and dipped into 
melted sulphur ; the other end of the wire is to be fixed into a cork, 
so that the spiral may hang vertically. The sulphured end is then to 
be lighted, and the wire suspended in a jar of oxygen, open at the 
bottom, such as that represented in fig. 95, page 295, supported’ 4,9 tel 
upon an earthenware plate. The wire is kindled by the sulphur, and *““’ én 
burns with an intense white light, throwing out a number of ee. Bey. iS: 
or occasionally allowing a globule of fused oxide to fall; while the” hth 
wire itself continues to fuse and burn till it-is entirely sorcyaeds OK 
the oxygen is exhausted. The experiment forms one of the ost» 


appear to prove that a close approximation has been made to the true density of this gas: a 
an important datum. The earlier determination of MM. Dulong and Berzelius was hee DR 

1102°6 (ibid. 1820, 2e. ser. t. xv. p. 386). “According to M. Regnault the weight of 1000 oat < Sy dems 
cubic centimeters (1 liter) of oxygen gas, at 32° F., barometer 29.92 inches (760 milli- pe 30> i 
meters), 1s1'4298 gramme, Hence, 1000 c. c. being equal to 61°028 English c. inches, and AE an 
1 gramme to 15:4440 English grains, 100 cubic inches of oxygen, at the specified 

temperature and pressure, weigh 36°1390 grains. Calculating with Regnault’s coefficient 

for the expansion of air (page 12), 1 volume of oxygen will become 1°05701 volume, 

at 60°, and 100 cubic inches of oxygen will weigh 34.1898 grains at that temperature, 
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beautiful and brilliant m chemistry. The globules of fused oxide are 
of so elevated a temperature, that they remain red-hot for some time 
under the surface of water, and fuse deeply into the ssenianni of the 
stoneware plate upon which they fall. 

Oxygen gas is respirable, and indeed. is constantly taken into the 
lungs from the atmosphere in ordinary respiration. When a portion 
of dark blood drawn from a vein is agitated with this gas, the colour 
becomes of a fine vermilion red. The same change occurs in the 
blood of living animals, during respiration, from the absorption of 
oxygen gas, which is required to maintain the animal heat. . A small 
animal, also, such as.a mouse or: bird, lives four or five times longer 
in a vessel of oxygen than it will in an equal bulk of air. . But the 
continued respiration of this gas in a state of purity 1s injurious to 
animal life. A rabbit is found to breathe it without inconvenience 
for some time, but after an interval of an hour or more the circula- 
tion and respiration are much quickened, ‘anda state of great excite- 
ment of the general system supervenes ; this is by and by followed by 
debility, and death, occurs in ‘from six to ten hours.. The blood is 
found to be highly -florid in the veins as well as the arteries, and, 
according to Broughton, the heart continues to act strongly after the 
breathing has. ceased. 

Oxygen may be made to unite with all the. other dankgis exbent 
fluorine, and forms oxides, while the process of uniting with oxygen 
is termed oxidation. With the same element oxygen often unites in 
several. proportions, forming a series of oxides, which are then dis- 
tinguished from each other by the different prefixes enumerated under 
Chemical flomenciature (page 113). Many of its compounds are 
acids, particularly those which. contain. more than one equivalent of 
oxygen to one of the other element, and compounds of this nature 
are those which it most readily forms with the non-metallic elements: 
such as carbonic acid with carbon, sulphurous acid with sulphur, 
phosphoric acid with phosphorus... But oxygen unites in preference 
with single equivalents of a large proportion of the metallic class of 
elements, and forms bodies which are alkaline or have the character 
of dases : such as potash, lime, magnesia, protoxide of iron, &e. A 
certain number of its compounds are neither acid nor alkaline, and 


ate therefore called neutral bodies: such as the oxide of hydrogen or 


water, carbonic oxide, and nitrous. oxide. The greater number of 
these neutral oxides are also protoxides. 

It has already been stated that in a classification of the elements 
oxygen does not stand alone, but forms one of a small natural. family 
along with sulphur, selenium, and tellurium. These elements also 
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form acid, basic,‘and neutral classes-of compounds, with the same 
bodies as oxygen does, of which the sulphur compounds are well 
known, and always exhibit a well-marked analogy to the correspond- 
ing oxides. Oxygen-acids unite with oxygen-bases,” and <form 
neutral salts : so do sulphur-acids with sulphur-bases; selenium-acids 
with-selenium-bases, and tellurium-acids with tellurium-bases.’ 

The combinations of oxygen, like those.of all other bodies, are 
attended with the evolution of heat. This result, which is often 
overlooked in other combinations, in which the proportions of the 
bodies uniting and the properties of their compound ‘receive most 
attention, “assumes an unusual degree of ‘importance in the combina- 
tions of oxygen. The economical applications of the light and -heat 
evolved.in these combinations are-of the’ highest consequence ‘artd 
value, and ‘oxidation alone, of all chemical actions; is practised, not for 
the value of the products it affords, and indeed without reference to 
them, but for the sake of the incidental phenomena attending it. Of 
the chemical combinations, too, which we habitually witness, those of 
oxygen are infinitely the most frequent, which arises from its constant 
presence and interference as a constituent of the atmosphere. 
Hence, when a body combines with oxygen, it is said to be burned ; 
and instead of undergoing oxidation, it is-said to suffer combustion ; 
and.a body which*can combine with oxygen and ‘emit: heat. is-termed 
a combustible. Oxygen, in which: the body’burns, is then said to 
support combustion, and called’ a supporter of combustion. 

The heat evolved in combustion is definite, and can be measured. 
With this view it is employed to melt ice, to raise the temperature of 
water from 82° to 212°, or to convert water into steam, and its 
quantity estimated -by the extent to which it produces one he effects. 
‘The heat from the oxidation of: a combustible body is thus found 
to be:as constant.as any other of its properties. . Despretz obtaizied, 
by such experiments, the results contained in the following table :-— 


HEAT. FROM COMBUSTION, 


1 pound of pure charcoal . . . ...  . heats from 32° to 212°,78 pounds of water. 


“— charcoal from wood sity — 75 —. 
-- baked wood . i «1 ws = 36 _, 
— _ wood containing 20 per cent. of water — 27 an 
— bituminous coal . . ww — 60 — 
— $uREOH SW AIRS Sa SSS, = 25 to30 — 
— alcohol: ’=..)-siyyyoe a5} ie dps —_ 67°5 _ 
= olive oil, wax, &. . . 1. — 90 to 95 — 
— CRUCire a gw oe: —_ 80 — 
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The quantity of heat evolved appears to be connected-with the 
proportion of oxygen consumed, for the greater the weight of oxygen 
with which a pound of any combustible unites, the more heat-is pro- 
duced. The following results indicate that the heat depends exclusively 
upon the oxygen consumed, four different combustibles.in consuming 
a pound of oxygen affording nearly the same quantity of heat :— 

3 HEAT OF COMBUSTION. | pice A 
1 pound ef oxygen with hydrogen heats from 82° to 212°, 293 pounds of water, 


-— with charcoal — 29° — 
_ with alcohol — . 28: — 
_—. with ether os POR, og 


The quantity of combustible consumed. in these experiments ‘varied 
considerably, but the oxygen being the same, the heat evolved was _ 
‘nearly the ‘same also. mt When the same quantity of oxygen, con- 
-verted phosphorus into phosphoric acid, exactly twice as naellp heat 
‘was evolved, according to Despretz, as in the former experiments. 
The superior vivacity of the combustion of these and other bodies in 
‘pure oxygen, compared with air, depends entirely upon the rapidity 
of the process, and the larger quantity of combustible oxidated in a 
given time. A candle burns with more light and heat in oxygen 
than in air, but it consumes proportionally faster. 

Oxidation is often a very slow process, and imperceptible in its 
progress—as in the rusting of iron and tarnishing of lead exposed to 
the atmosphere. The heat being then evolved in a gradual manner 
is instantly dissipated, and never accumulates. But when the oxide 
formed is the same, the nature of the change effected is in no way 
altered by its slowness. Iron oxidates rapidly when introduced in a 
state of ignition into oxygen gas, and lead, in the form of the lead 
pyrophorus, which contains that metal ima high state of division, 
takes fire spontaneously and burns in the air ; circumstances then | 
favouring the rapid progress of oxidation. 

Oxidation may also go on with a degree of rapidity sufficient to 
occasion a sensible evolution of heat, but without flame and open 
combustion, The absorption of. oxygen by spirituous liquors in 
becoming acetic acid, and by many other organic substances, is 
always attended with the production of heat. The smouldering com- 
bustion of iron pyrites and some other metallic ores in the atmosphere, 
is a phenomenon of the same nature. Most bodies. which burn with 
flame also admit of being oxidated. at a-temperature short of redness 
and exhibit the phenomenon of low combustion. Thus, Aallows has» 
set 2 upon an iron pale, not ae red ae melts and undergoes 
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- oxidation, diffusing a pale lambent. flame only visible in the dark 
(Dr..C. J. B. Williams). If the tallow be heated in a little cup with 

a wire attached, till it boils and catches fire, and the flame then 
be:blown out, the hot tallow will still continue in a state of low com- 
bustion, of which the flame may.not, be visible, but which is sufficient 
to cause the renewal of the high combustion, if the cup is immediately 
introduced into a jar of oxygen gas... A candle newly. blown out 1s 
sometimes rekindled in oxygen, although no’ point of the .wick 
remains visibly red, owing to the continuance of this low combustion. 
When a coil of thin platinum wire, or a piece of plantinum foil, is 
first heated to redness, and then held over a vessel containing ether 
yz. hot alcohol, the vapours of these substances, mixed with the air, 


=; } 


ep oxidate upon the hot metallic surface, and may sustain the vessel.at a WA Vuk 
ee/ S7 heat for a long time, without the occurrence of combustion with Yb (ita ke 
ec wo |Hame. The product, however, of the low combustion of these bodies ct ptt. Glee, 
 ba.s38 peculiar, as 1s obvious from its pungent odour. pebhage heableres bowie 
BS ee Combustion in air.—The affinity for oxygen of all ordinary COM, G7 Leseerle 
y ox, bustibles'is greatly promoted by heating them, and is indeed rarely © 
7 developed at all except at a high temperature. Hence, to determine 
2) . * the commencement of combustion, it is commonly necessary that the 
; et. ia combustible be heated to a certain point. But the degree of heat 
ea ‘necessary’to inflame the combustible is-in general . greatly inferior to 
| what is evolved during the progress ofthe combustion, so that a 
combustible, once inflamed, maintains itself sufficiently hot to con- 
tinue burning till it is entirely consumed... Here the difference may 
be observed between combustion and simple ignition. A brick 
heated till it be red-hot in a furnace, and taken out, exhibits ignition, 
but has no means within itself of sustaining a high temperature, and 
soon loses the heat which it had acquired in the fire, and on cooling” 
is found unchanged. 

The oxidable constituents of wood, coal, oils,: tallow, wax, and 
all the ordinary combustibles, are the same, namely, carbon and 
hydrogen, which in combining with oxygen, at a high tempera- 
ture, always produce carbonic acid and water ; volatile bodies, which 
disappear, forming part of the aerial column that rises from the 
burning body. The constant removal of the product of oxidation, 
thus effected by its volatility, greatly favours the progress of com- 

“bustion in such bodies, by permitting the free access of air to the 
unconsumed combustible. The interference of air in combustion 
is obvious from the facility with which a fire is checked or extinguished 
shen the supply of air is lessened or withheld, and, on the contrary, 
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revived and animated when the supply of air is:increased by blowing 
up the fire. For the oxygen of the air*being consumed in combining 
with the combustible, a constant renewal of it is necessary. Hence, 
if a lighted taper, floated by a cork upon water, be covered with a 
bell jar having an opening at top, such as that in which the iron-wire 
was burned, the taper will burn for a short time without change, then 
more and more feebly, in proportion as the: oxygen is exhausted, and 
at: last will expire. The air'remaining in the jar is no longer suitable 
to stpport combustion, and:a second lighted taper: introduced into it 
by the opening:at top is immediately extinguished; 
in combustion, no loss whatever of ponderable- matter occurs ; 

othing i is annihilated.- The matter formed may always be: ciilledtad 
without difficulty, and is found to have exactly the weight of the oxygen 
and combustible together which have disappeared. The most-simple 
illustrations of this fact: are obtained in the combustion of those 
bodies which afford a solid product. ‘Thus when two. grains of :phos- 


hers 4va, phorus are kindled in a measured volume of oxygen gas, they are 


aes 


found converted after combustion into’a quantity of white powder 
Li SERED acid), , which weighs 43 grains, or the phosphorus ac- 
quires 24 grains ;; at the same time 7} cubic inches of oxygen disap- 
pear, seit. weigh’ exactly. 22 'grains. In the same way, when iron 
wire is burned in oxygen, ‘the weight of solid oxide’ produced. is 
found to: be equal to that of the wire originally employed. added to 
that of the oxygen gas:which has disappeared. But the oxidation of 
mercury affords a more complete illustration of what occurs.im com- 
bustion. Exposed to a moderate degree of heat for a considerable 
time in a vessel filled with oxygen, that metal is converted into red 


} scales of oxide, possessing the additional weight of a certain volume 


of oxygen which has disappeared. But if the oxide of mercury so 
produced be then put into a small retort, and reconverted by a red 
heat into oxygen and fiuid mercury, the quantity of oxygen emitted 
is found to be the same as had combined with the mercury in the 
first part of the operation; thus proving that oxygen is really present 
in the oxidized body. 

The evolution of heat, which is the most striking phenomenon of 
combustion, still remains to be accounted for. It has been referred 
to the loss. of latent heat by the combustible and. oxygen, when, 
from the condition of gas or liquid, one or both-become solid: after 
combustion; to a reduction of capacity for heat, the specific heat. of 
the product being supposed to be: less than that of the bodies burned; 
and to.a discharge of the electricities belonging to the different bodies, 
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‘occurring in the act of combination. But the first two hypothesés 
are manifestly insufficient, and the last is purely speculative. The evo- 
lution of heat during intense chemical combination, such as oxidation, 
may be received at present as an ultimate fact ; but if we choose to 
go beyond itjwermust suppose that the heat exists in a combined and 
latent state“ “the oxygen or combustible, or in both; that. 
each of the ey is a compound of its material basis with heat, 
1 definite quantity of which they throw off on combin- 
ing with adel other. Heat, like a ge 
other material substances, is here pes 2 . 
supposed not to evince its pe- 
culiar properties while m a state 
of combination with other matter, 
but only when isolated and free. 
This view gives a literal character 
to the expressions—liberation, 
disengagement, and evolution of 
heat during combustion. The 
phenomenon, it is to be remem- 
bered, is not confined to oxida- 
tion, but occurs in an equal 
‘degree in combinations without 
oxygen, and indeed to a greater 
or less extent im all chemical. 
‘combinations whatever. 

Fie. 98. Pure oxygen has not as 
nH a: yet found any considerable 


a application in the arts. 


‘But -by the chemist it is 
apphed to support com- 
bustion with the view of 
producing intense heat. A 
jet of this gas from a gas- 
holder «(fig.: 97), thrown 
upon the flame of a spirit 
‘lamp, produces «a :blow- 
pipe flame of : great -in- 
tensity, adequate to fuse 
platmum. Or, if coal- 
gas be conducted to the 
oxygen jet (fig. 98), and 
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the gases kindled as they issue together, aflame is produced of 
equally high temperature. _Where a large quantity of oxygen is 
required, as in this application of it, the gas may be obtained by 
heating oxide of manganese in a cylinder of cast iron supported over 
a furnace, like the retort for coal gas. The caleme peptide does not 
regain its oxygen-when afterwards exposed to the air, as was once 
supposed, but would still be of some value” im pr aration of 
Chlorine. | 

“Ozone. eave electric sparks are taken tnreeh panfoctly dry 
oxygen, a small portion of the gas acquires new properties, according 
to A. de la Rive, and is supposed by Berzelius to pass into an alla- 
tropic condition, in which it is named ozone from the peculiar odour 
it possesses, and which is somewhat metallic in character.’ The oxy- 
gen re from the decomposition of water in the voltameter 
(page 289) has the same odour. But the most ready mode of pro- 
ducing it is to place a few sticks of phosphorus in a quart bottle 
containing a little water at the bottom of it. While the sticks of 
phosphorus undergo the low combustion and are luminous, produc- 
ing fumes of phosphorous acid and absorbing much oxygen, they 
give rise to the appearance of ozone in the air of the bottle ina 
manner not at present understood. 

This substance has never been obtained in a separate state, but air 
impregnated with it acts very much as if a trace of chlorine gas were 
a present, which ozone appears to resemble. In ozonized air, paper 
impregnated with a solution of iodide of potassium immediately 
becomes brown from the liberation of iodine; also paper containing 
a solution of sulphate of manganese soon becomes brown or black, 
from the formation of binoxide of manganese. The same air made 
to stream through a solution of the yellow}ferrocyanide of potassium 
converts it into the red ferricyanide. Ozone appears to be a gas not — 
sensibly dissolved by water. It is destroyed hy a heat of 140°, by — y 
di contact with olefiant gas, and such other hydrocarbons as combine ie 
. with chlorine, by phosphorus, or reduced silver. In the latter case 
poe nothing appears except oxide of silver. It passes, I find, through 
pe dry and porous stoneware, and is therefore not likely to be merely an 
| electrical grouping of gaseous molecules. Professor Schénbein, who 

named this substance, and has made it the object of many investiga- 
tions, considers it to be a volatile peroxide of hydrogen. 
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Equivalent 1, as the basis of the Hydrogen Scale, or 12.5 (oxy- 
gen =100); symbol HW; density 69.26 (air 1000); combining 
measure | | | (to volumes.) . 


Hydrogen gas, which was long confounded with other inflammable 
airs, was first correctly described by Cavendish, in 1766. It does 
not exist uncombined in nature; at least the atmosphere does not 
contain any appreciable proportion of hydrogen. But it is one of 
the elements of water, and enters into nearly every organic substance. 
Its name is derived from tdwe, water, and yevvaw, I give rise to, 
and refers to its forming water when oxidated. 

Preparation.—This element, although resembling oxygen in 
being a gas, appears to be more analogous to a metal in its relations 
to other elements. By heating oxide of mercury, it is resolved into 
oxygen and mercury ; and several other metallic oxides, such as those 
of silver and gold, are susceptible of a similar decomposition. But 
some others are deprived of only a portion of their oxygen by the 

: Pa eS Aucead 
most intense heat, such as binoxide of manganese ; and many, suc 
as the protoxide of lead, are not decomposed. at all by simple calcina- 
tion. By igniting the latter oxide, however, mixed with charcoal, its 
oxygen goes off in combination with carbon, as carbonic oxide, and 
the lead is left. The oxide of hydrogen or water is similarly affected. 
Potassium and sodium brought into contact with it, at the tempera- 
ture of the air, combine with its oxygen, and are converted into the 
oxides potash and soda; and hydrogen is consequently liberated. 

Tron and many other metals decompose water, and become oxides, 
ata red heat. Hence, hydrogen gas is sometimes procured by trans- 
mitting steam through an iron tube filled with iron turnings, placed 
across a furnace and heated red-hot (fig. 96). | 
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The vapour is obtained by boiling water in the small retort a, and 
the gas produced by its decomposition collected in the usual manner 
at the pneumatic trough. But it is necesssry to have a flask b be- 
tween the iron tube and the trough, to prevent an accident from the 
water of the trough finding access to the red hot tube, in the event 
of condensation of the vapour in a. 

Some other compounds of hydrogen are decomposed more easily 
than water, by iron and zinc. The chloride of hydrogen or hydro- 
chloric acid is decomposed by these metals, and evolves hydrogen at 
the ordinary temperature of the air. But this gas is more generally 

i obtained by putting pieces of zinc or iron into oil of vitriol or the 
bs ff dL Ae 1 feeea ee S sulphuric acid, diluted with six or eight times its bulk 
Bc frveld not of wa ave oe The hydrogen is then derived from the decomposition of 
the proportion of water intimately united with the acid, as illustrated 

in the following diagram, zinc being used, and the quantities ex- 


pressed :— 
Before decomposition. After decomposition. 
49 oil of vitriol, or (Hydrogen. . 1 Hydrogen. 
sulphate of {Oxygen : 
water . . . (Sulphuricacid 40 
DLV eANC sr anger MING oy lakes os leben 52 ae 52 Sulphate of 
" oxide of zinc. 
81.52 81.52 81.52 
Or by symbols :— 


a piles ys and Zn = Zn O+S O,, and H., 
Latry hve, as Wek, A uacet£e ft? 
The zine dissolves in the acid with effervesce e, from the paneDe of 


hydrogen gas. It will be observed that the products after decompo- 
sition, mentioned in the last column, hydrogen and sulphate of oxide 
of zinc, are similar to those before decomposition, in the first column, 
zinc and sulphate of water; and that the change occurring is simply 
the substitution of zinc for hydrogen in the sulphate of water. The. 
large quantity of water used with the acid is useful to dissolve the 
sulphate of zinc formed. | : 

Zinc is generally preferred to iron, in the preparation of hydrogen, 
and is previously granulated, by bemg fused in a stone-ware crucible, 
and poured into water; if sheet zinc be used, which is better, it is cut 
into small pieces. The common glass retort may be used in the experi- 
ment, or a gas-bottle, such as the half-pound phial (fig. 97), with a cork 
having two perforations fitted with glass tubes, one of which descends 
to the bottom of the bottle, and is terminated externally by a funnel 
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Fie. 97. for introducing the acid, whilst the 
Alen Mec d LC Sc1_. other is the exit tube, by which the hy- 
Lu & pt ape drogen escapes. With an ounce or two 
hicg _ 4, keot zine in it, the bottle is two-thirds 
Exh t= filled with water, and the undiluted | 
\obaned re acid added from time to time by the . 
mnel, so as to sustain a continued 

effervescence. No gas escapes by the 
AX funnel tube, as its extremity within the 
bottle is always covered by the fluid. 
mes To produce large quantities, a half- 
gallon stone-ware jar may be mounted 

pers as a gas bottle, with a flexible metallic 
pipe fitted to the cork as the exit tube. This gas may be collected, 
like oxygen, either in jars over the pneumatic trough, or in the gas- 
holder. The first jar or two filled will contain the air of the gas- 
bottle, and therefore must not be considered as pure hydrogen. One 
ounce of zinc is found to cause’ the evolution of 615 cubic inches of 
hydrogen gas. 
Properties.—Hydrogen gas thus pre ared is not absolutely pure, e 3 
but contains traces of Pegeecte honing and carbonic acid, : 
which may be removed, gs Ne Wi od cape Boe ee 4 We = : 
tic alkali.” Wie icular odour, which 1s not essentia 10, fo 4 ‘ 
hydrogen, as the gas evolved from the amalgam of sodium, acted on, . 2.0272 fede 
‘by pure water without acid, is perfectly inodorous. An oily com-4.., Lice cota 
pound of carbon and hydrogen, which appears to be the cause of this%> Lv 7 
odour, may be separated in a sensible quantity from the gas prepared ,7 fe (= 
by iron, by transmitting it through alcohol. Of the pure gas, water,y.~7 a. ~Ge 
does not dissolve more than 14 per cent. of its bulk. Hydrogen hasz4,...9 ¢, oad 
never been liquefied by cold or pressure. Oe fcr wilh Wen teete 
Hydrogen is the lightest substance in nature, being sixteen times ,7/4.., & heey 
lighter than oxygen, and 14.4 times lighter than air; 100 cubic inches” Bigs gt 
of it weigh only 2.14 grams. Soap-bubbles blown with this gasy 4. assy” 
ascend in the atmosphere; and it is used, as is well known, to inflate Ly ae ae a 
balloons, which begin to rise when the weight of the stuff of which aay ome 
they are made and the hydrogen together, are less than the weight We ie | ne pe 


ee ee EE Ee TPO ae ee: Ss Samra ee Ny”: 


of an equal bulk of air. A light bag is prepared for making this’ oe 
experiment in the chamber, by distending the lining membrane Of Te Z 
the crop of the turkey, which may weigh 35 or 86 grains, ‘and when? ete titre . 
filled with hydrogen, about 5 grains more, or 41 grains; the same% erty glue fey, 
bulk of air, however, would weigh 50 or 51 grains; so that the little ele.w hil? 4 
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balloon when filled with hydrogen has a buoyant power of 9 or 10 
grains. Larger bags are prepared for the same purpose, of gold- 
beaters’ skin. Sounds produced in this gas were found by Leslie to 
be extremely feeble; much mop feeble, indeed, than its rarity compared 
with air could account for. “ Hydrogen may be taken into the 3 
lungs without inconvenience, when mixed with a large quantity ‘ 
of air, being in no way deleterious; but it does not, like oxygen, : 
support respiration, and therefore an animal placed in pure hydro- aa 
gen soon dies of suffocation. A lighted taper is extinguished in 
the same gas. 

Hydrogen is eminently combustible, and burns when kindled in 
the air with a yellow flame of little intensity, which moistens a dry 
glass jar held over it; the gas combining with the oxygen of the air 
in burning, and producing water. If before being kindled the gas 
is first mixed with enough of air to burn it completely, or with be- 
tween two and three times its volume, and then kindled, the combus- 
tion of the whole hydrogen is instantaneous and attended with explo- 
sion. With pure oxygen, instead of air, the explosion is much more 
violent, particularly when the gases are mixed in the proportions of 
two volumes of hydrogen to one of oxygen, which are the proper 
quantities for combination. The combustion is not thus propagated < 
through a mixture of these gases, when either of them is in great 

Fic. 98. excess. The sound in such detonations is occa-/¥a~ dn. 
sioned by the concussion which the atmosphere nd ae 
receives from the sudden dilatation of gaseous mat-%47,. s— 
ter, in this case of steam, which is prodigiously C7, : 
panded from the heat evolved in its formation. &, ‘cs 

A musical note may be produced by means of oe 
these detonations, when they are made to succeed 
each other very rapidly. If hydrogen be generated — 
in a gas bottle (fig. 98), and kindled as it escapes 
from an upright glass jet having a small aperture, 

: the gas will be found to burn tranquilly; but on 
liz holding an open glass tube of about two feet in 

length over the jet, like a chimney, the flame will 

be elongated and become flickering. A succession of little detona- 

& tions is produced, from the gas being carried up and mixing with 


& the air of the tube, which follow each other so quickly as to produce 


a continuous sound or musical note. 
Several circumstances affect the combination of hydrogen with 
oxygen, which are important. These gases may be mixed together in 
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a glass vessel, and preserved for any length of time without combin- 
ing. But combination is instantly determined by flame, by passing 
the electric spark through the mixture, or even by introducing into 
it a glass rod, not more than just visibly red-hot. Hydrogen, indeed, 
is one of the more easily inflammable gases. If the mixed gases be 
heated in a vessel containing a quantity of pulverized glass, or any 
sharp powder, they begin to unite in contact with the foreign body 
in a gradual manner without explosion, at a temperature not exceed- 
ing 660°. The presence of metals disposes them to unite at a still 
lower temperature ; and of the metals, those which have no disposi- 
tion of themselves to oxidate, such as gold and platinum, occasion 
this slow combustion at the lowest temperature. In 1824, Dobe- 
reiner made the remarkable discovery that newly prepared spongy 
platinum has an action upon hydrogen mixed with oxygen, indepen- 
dently of its temperature, and quickly becomes red-hot when a jet of 
hydrogen is thrown upon it in air, combination of the gases being 
effected by their contact with the metal. In consequence of this 
ignition of the platinum the hydrogen itself is soon inflamed, as it 
issues from the jet. An instrument depending upon this action of 
platinum has been constructed for producing an instantaneous light. 
Afterwards, Mr. Faraday observed, that the divided state of the 
platinum, although favourable, is not essential to this action; and 
that a plate of that metal, if its surface be scrupulously clean, will 
cause a combination of the gases, accompanied with the same pheno- 
. mena as the spongy platinum. This action of platinum is manifested 
_at temperatures considerably below the freezing point of water, and in 
an explosive mixture largely diluted with air or hydrogen. Spongy 
platinum, made into pellets with a little pipe-clay, and dried, when 
introduced into mixtures of oxygen and hydrogen will be found to 


SA 2 
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cause a gradual and silent combination of the gases, in whatever 


proportions they are mingled, which will not cease till one of them is 
completely exhausted. The theory of this effect of platinum is very 
obscure. It belongs to a class of actions depending upon surface, not 
confined to that metal, and by which other combustible vaporous 
bodies are affected besides hydrogen. 

The flame of hydrogen, although so slightly luminous, is intensely 
hot ; few combinations producing so high a temperature as the com- 
bustion of hydrogen. In the oxi-hydrogen blow-pipe, oxygen and 
hydrogen gases are brought by tubes 0 and / (fig. 99, p. 810), from 
different gas-holders, and allowed to mix immediately before they 
escape by the same orifice, at which they are inflamed. This is most 
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é tk Fie. 99. safely effected by fixing a 
JI ur hie Cytud—y 6 all . | jet for the oxygen within 


pak 100), so that the oxygen 
pets COE S \ is introduced into the 
middle of the flame of 
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VE Iie C4 fos ind Scaggs? | | the jet of hydrogen (fig. 


hydrogen—a construction 


Wy die ag j first proposed by Mr. 
Yf SS oti Z KG } 

if ee Sill: (ee Maugham, and adapted 

| a: — “to the use of coal-gas 


\ instead of hydrogen by 
|| Mr. Daniell.* Each of 
| the gases may be more 
conveniently contained in 
a separate air-tight bag of 


Macintosh cloth capable of holding from 4 to 6 cubic feet of gas, 
and provided with press-boards. These require to be loaded with 
two or three 56lbs., when in use, to send out the gas with suffi- 

Fie. 101. cient pressure. At this 
flame the most refrac- 
tory substances, such 
as pipe-clay, silica and 
platinum, are fused with 
facility, and the latter 
even dissipated in the 
state of vapour. ‘The 
flame itself, owing to 
the absence of solid matter, is scarcely luminous, but any of the 
less fusible earths, upon which it is thrown,—a mass of quick-lime, 
for instance (a, fig. 99),—is heated most intensely, and diffuses a 
light, which, for whiteness and brilliancy, may be compared to 


* Phil. Mag. 3rd Series, Vol. ii. p. 57 
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that’ of the sun. With the requisite supply of the gases, 
this light may be sustained for hours, care being taken to 
move the mass of lime slowly before the flame, so that the same 
surface may not be long acted upon; for the high irradiating 
power ,of the line is soon impaired, it is supposed from a slight 
agglutination of its particles occasioned by the heat. This light, 
placed in the focus of a parabolic reflector, was found to be 
visible, in the direction in which it was thrown, at a distance of 
69 miles, in one experiment made by Mr. Drummond, when using it 
as a signal light. The heating effects are even more intense when 
the gases are forced into a common receptacle, and allowed to escape 
from under pressure, but there is the greatest risk of the flame pass- 
ing back through the exit tube and exploding the mixed gases; an 
accident which would expose the operator to the greatest danger. 
Mr. Hemming’s apparatus, however, may be used without the least 
apprehension. A common bladder is used to hold the mixture, and 
the gas before reaching the jet, at which it is burned, is made to pass 
through his safety tube. This consists of a brass cylinder about six 
inches long and 3ths of an inch wide, filled with fine brass wire 
of the same length, which is tightly wedged by forcibly inserting a 
pointed rod of metal into the centre of the bundle.. The conducting 
power of the metallic channels through which the gas has then to 
pass is so great as completely to Intercept the passage of flame. A 
similar safety tube of smaller size is interposed at 4, in fig. 99, of the 
first arrangement. 

Hydrogen is capable of forming two compounds with oxygen, 
namely water, which is the protoxide, and the binoxide of hydrogen. 

The most important of the present applications of hydrogen gas is 
in the oxi-hydrogen blow-pipe. It has been superseded, as a material 
for inflating balloons, by coal-gas, the balloon being proportionally 
enlarged to compensate for the less buoyancy of the latter gas. 


PROTOXIDE OF HYDROGEN.—WATER. 


Equivalent 9, or 112.5 on the oxygen scale; formula H+0, 
or HO; density 1; as steam 622 (air 1000); combining 
measure of steam | |, |. | 


Mr. Cavendish first demonstrated, in 1781, that the product of 
the combustion of hydrogen and oxygen is water. He burned 
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known quantities of these gases ina dry glass vessel, and found that 
water was formed in quantity exactly equal to the weights of the 
gases which disappeared. It was afterwards established by Humboldt 
and Gay-Lussac, that the gases unite rigorously in the proportion of 
two volumes of hydrogen to. one volume of oxygen, and that the 
water produced by their union occupies, while it remains in the state 
of vapour, exactly two volumes (page 1438), The proportion of the 
constituents of water by weight was determined with great care by 
Berzelius and Dulong. Their method was to transmit dry hydrogen | 
gas over a known weight of the black oxide of copper, contained in 
a glass tube, and heated to redness by a lamp. The gas was atfter- 
wards conveyed through another weighed tube containing the hygro- 
metric salt, chloride of calcium. The hydrogen gas in passing over 
the oxide of copper, combines with its oxygen and forms water, 
which is carried forward by the excess of hydrogen gas, and absorbed 
in the chloride of calcium tube. The weight of this water being as- 
certained, the proportion of oxygen it contains is determined by 
ascertaining the loss which the oxide of copper has sustained: the 
difference is the hydrogen. f 

The apparatus for such an experiment is illustrated in the following 
diagram (fig. 102). The oxide of copper to be reduced is contained 
in F', a small flask of hard glass, having two openings, and heated 
by a spirit lamp. This flask communicates with another, G, in- 
tended to receive the greater part of the water produced in the experi- 
ment, which is followed by a bent tube H, containing fragments of ’ — 
pumice soaked in oil of vitriol, tended to receive the last. portions. . 
The hydrogen gas for this purpose must be very pure, and thoroughly 
dry, It is evolved slowly from a gas-bottle A, and passes through a 
second bottle B, and the bent tube C, both containing a concentrated 
solution of caustic potash, and afterwards the bent tube D, contain- — 
ing a solution of chloride of mercury in pumice: and lastly through 
the bent tube #', containing oil of vitriol in pumice, proceeding thence 
entirely purified into F, and.the excess of hydrogen gas escaping by /. 
Numerous most careful experiments, lately executed in this manner - 
by M. Dumas, prove that water consists exactly by weight of— 
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_ he oxygen and hydrogen are therefore combined exactly in the 
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proportion of 8 to 1, as appears by the proportions of the last columh., -_” 5, 


° . . ele 
This experiment serves not only to determine rigorously the compost- 2 a og ine eS 
tion of water, but it offers also the best method of ascertaining thes, He--+ Cuneze 
Evi, composition of such metallic oxides as are de-oxidized byyhydrogen. _ Ga ; 
Bee 7 Properties. —When cooled down to 32°, water freezes, if ma stateZ—_ pe See 
intr Y vee Pe , eT: aft 3 - 
eC of agitation, but may retain the liquid condition at a lower tempera- ° ba 
= ture, if at rest (page 42); the ice, however, into which it is con-Yv92. 
verted cannot be heated above 82° without melting. Ice is lighterWecey, 2. 7 
Leor-esg 


720 fit water, its specific gravity bemg_0.916; and one of the W6oC Ve&u.z 
p54 Ply fens (fig. 108) of its crystal is a rhomboid, very nearly resembling hy ti 
““C. Toeland spar. 7 é i | 


Fie. 1038. le Lt a 


Fu, o£ D> We 
Water is elastic and compressible, yielding, accordifig Oot ene ae 
- 58 millionths of its bulk to the pressure of the atmosphere, and 20 ood b 
like air, in proportion to the compressing force for different pres- fone 
sures. The peculiarities of its expansion by heat, while liquid, haven “7 ~ Tac 
already been fully described (page 9). Under a barometric pressure “*“~< harm. 
of 80 inches, it boils at 212°, but evaporates at all inferior tempera-. oe: 
tures. Its boiling point is elevated by the solution of salts in it, 
and the temperature of the steam from these solutions is not con- 
stantly 212°, as has been alleged, but that of the last strata of liquid 
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through which the steam has passed. When mixed with air, the 
vapour of water has a tendency to condense, it is said in vesicles, 
which inclose air ; forming in this condition the masses of clouds, 
which remain suspended in the atmosphere from the lightness of the 
vesicles, the substance of mists and fogs, and “ vapour” generally, 
in its popular meaning. ‘The vesicles may be observed by a lens of 
an inch focal length, over the dark surtace of hot tea or coffee, mixed 
with an occasional solid drop which contrasts with them. According 


_ to the experiments of Saussure, made upon the mists of high moun- 
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tains, these vesicles generally vary in size from the 1-4500th to the 
1-2780th of an inch, but are occasionally observed as large as a pea. 
They are generally condensed by their collision into solid drops, and 
fall as rain; but their precipitation in that form is much retarded in 
some conditions of the atmosphere. It is proper to add, however, 
that Prof. J. Forbes and several other eminent sala eat rel dis- 
believe entirely the existence of vesicular vapour. 

It was lately discovered by Mr. Grove that the vapour of water is 
decomposed to a small but sensible extent by an exceedingly high 
temperature, and resolved into its:constituent gases. If a small ball 
** of platinum, of the size of a large pea, with a wire attached to it, 


-be heated in the flame of the oxi-hydrogen blow-pipe to bright 


hiteness, and till it begms to show symptoms of fusion, and then 
plunged into hot water, minute bubbles of gas rise with the steam, 
hich consist of a mixture of oxygen and hydrogen. Only a small 
‘portion of the steam, not amounting to even one-thousandth part of 
_the whole produced (it is supposed), suffers decomposition. The 


‘er occurrence of a decomposition in such circumstances, which is un- 


sry 


questionable, appears singular, seeing that oxygen and hydrogen 
certainly combine at the same, or even a higher, temperature in the 
flame of the blow-pipe, which is employed to heat the platinum ball. 
The combustion in the blow-pipe may, indeed, be incomplete, but 
this is unlikely, for I find that when the mixed gases are exploded 
in a glass tube, the combustion is so complete that certainly not one 
part in four thousand, if any portion whatever, escapes combustion: 
It is a question whether the decomposition of the steam, by ignited 
platinum is not an exhibition of the deoxidizing action of light rather 


Ne 8, } HAG - than the effect of heat; the blow-pipe flame itself being scarcely 
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visible, while the Hoonnenne platinum, although necessarily of a 


— lower temperature, is highly incandescent. 


A cubic inch of water at 62°, Bar. 380 inches, weighs in air 
262.458 grains. The imperial gallon has been defined to contain 
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10 pounds avoirdupois (70,000 grains) of distilled water at that 
temperature and pressure. Its capacity is therefore 277.19 cubie 
inches. The specific gravity of water at 60° is 1, being the unit to 
which the densities of all other liquids and solids are conveniently 
referred ; it is 815 times heavier than air at that temperature. 

In its chemical relations water is eminently a neutral body. Its 
range of affinity is exceedingly extensive, water forming definite com- 
pounds, to all of which the name hydrate is applied, with both 
acids and alkalies, with a large proportion of the salts, and indeed 
with most bodies containing oxygen. It is also the most general of 
all solvents. Gay-Lussac has observed that the solution of a salt is 
uniformly attended with the production of cold, whether the salt be 
anhydrous or hydrated, and that, on the contrary, the formation of a 


definite hydrate is always attended with heat: a circumstance which y, VEE 


indicates an essential difference between solution and chemical com- 


bination.* Even the dilution of strong solutions of some salts, such “. 


as those of ammonia, occasions a fall of. temperature. The solvent 


be 
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power of water for most bodies increases with its temperature. Thus fur GAM 


at 57° water dissolves one-fourth of its weight of nitre, at 92° one-} 
half, at 131° an equal weight, and at 212° twice its weight of that 


salt. Solutions of such salts, saturated at a high temperature,“ » 


deposit crystals on cooling. But the crystallization of some saturated 
solutions is often suspended for a time, ma remarkable manner, and 
afterwards determined by slight causes. Thus, if two pounds of crystal- 
lized sulphate of soda be dissolved in one pound of water, with the 
assistance of heat, and the solution be filtered while hot through 
paper, to remove foreign solid particles, and then set aside in a glass 
matrass, with a few drops of oil on its surface, it may become per- 
fectly cold without crystallization occurring. Violent agitation even 
may not cause it to crystallize. But when any solid body, such as 
the point of a glass rod, or a grain of salt, is introduced into the 
solution, crystals immediately begin to form about the solid nucleus, 
and shoot out in all directions through the liquid. The solubility of 
many salts of soda and lime does not increase with the temperature, 
like that of salts. 

Water is also capable of dissolving a certain quantity of air and 
other gases, which may again be expelled from it by boiling the 
water, or by placing it in vacuo. Rain-water generally affords 
24 per cent. of its bulk of air, in which the proportion of oxygen 


* Ann. de Ch. et de Phys. t. Ixx. p. 407. See also page 218 of this work. 
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gas is so high as 32 per cent., and im water from freshly melted snow 
84.8 per cent., according to the observations of Gay-Lussac and 
Humboldt, while the oxygen in atmospheric air does not exceed 
21 per cent. Boussingault finds that the quantity of air retained by 
water, at an altitude of 6 or 8000 feet, is reduced to one-third of its 
usual proportion. Hence it is that fishes cannot live in Alpine 
lakes, the air contained in the water not being in adequate quan- 
tity for their respiration. The following table exhibits the absorba- 
bility of different gases by water deprived of all its air by ebul- 
lition :— 
100 cubic inches of water at 60° and 30 Bar., absorb of 


Dalton and Henry. Saussure. 
Hydrosulphuric acid 100 C. 1. , 258 


Carbonic acid : ‘ 100 : . 106 


Nitrous oxide . 100 j mote § 
Olefiant gas . 230) bask m2) eps. gions: Aes 
Oxygen!" ©. : siatt: s0USN] Jac 5 OB 

~ Carbonic oxddi 2a ee ioe: as7'o2e IR 
Nitrogen. ; : BSG oe . Al 
aameronan : | : L560. » 4.6 


The a enie: of Saussure are probably nearest the truth for hydro- 
sulphuric acid and nitrous oxide, but for the other gases those of 
Dalton and Henry are most’ to be depended‘on. —— 

Uses.—Rain received after it has continued to fall for some afte 
may be taken as pure water, excepting for the air it contains. But 
after once touching the soil, it becomes impregnated with various 
earthy and organic matters, from which it can only be completely 
purified by distillation. A copper still should be used for that pur- 
pose, provided with a copper or block tm worm, which is not used 
for the distillation of spirits, as traces of alcohol remaining in the 
worm and becoming acetic acid, cause the formation of acetate of cop- 
per, which would be washed out and contaminate the distilled water. 
The use of white lead cement about the joinings of the worm is also 
to be avoided, as the oxide of lead is readily dissolved by distilled 
water. ‘The first portions efthe distilled should be rejected, as 
they often contain ammonia, and the distillation should not be carried 
to dryness. 

Water employed for economical purposes is generally submitted to 
a more simple process, that of filtration, by which it is rendered clear 
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and transparent by the removal of matter mechanically suspended in 
a it. Such foreign matter may often be removed in a considerable 
delbo Vl. Jlegree by subsidence, on which account it is desirable that the water 
should stand at rest for a time, before being filtered. The filtration 
Rat. of liquids generally is effected, on the small scale, by allowing them 


dif hot 1 flow through, unsized or filter paper, and that of water, on the 
o. Ge )arge scale, by passing it through beds of sand. The sand preferred De 
_ for that purpose is not fine, but gravelly, and crushed cinders or fur- eee 
ate ee é . 


a nace clinkers may be substituted for it. Its function, as that also of 

| the paper in the chemist’s filter, is to act as a support for the finer 
particles of mud or precipitate which are first deposited on its sur- 
face, and form the bed that really filters the water. When the mud 
accumulates so as to impede the action of the sand filter, the surface 
of the sand is scraped, and an inch or two of it removed. 
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Fig. 104 is a section of the water-filter, as it is usually constructed 
for public works in Lancashire. An excavation of about six 
feet in depth, and of sufficient extent, is lined to a considerable 
thickness with well puddled clay, to make it water-tight. Upon 
the clay floor is laid first a stratum of large stones, then a stratum — 
of smaller stones, and, finally, a bed of coarse sand or gravel, L L. 
To allow the air to escape from the lower beds, small upright tubes, 
open at both ends, B and C, are inserted in these beds, and rising 
above the surface of the water W W. The filtered water enters, from 
the lowest bed, into a large open iron cylinder A, the lower part of 
which is perforated for that purpose. The filtered water stands at bth t Moe 
the same height in the gauge tube D as in A; this height is observed _ bt . 
by means of a float balanced by a weight which traverses a scale of 
feet and inches at D. fae 
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Upward filtration through a bed of sand is sometimes practised, but 
it has the disadvantage that the filter cannot be cleaned in the manner 
indicated. Filtering under high pressure, and with great rapidity, has 
been practised in a very compact apparatus, consisting of a box, not 
above three feet square, filled with sand. This filter, which becomes 
speedily choked with the mud it detains, is cleansed by suddenly 
reversing the direction in which the water is passing through the 
box, which occasions a shock that has the effect of loosening the 
sand, and allowing the water to bring away the mud. ‘The’action of 
such a filter, erected at the Hotel-Dieu of Paris, was favourably re- 
ported on by M. Arago*. 

Matter actually dissolved in water is not affected by filtration. No 
repetition of the process would withdraw the salt from sea-water and 
make it fresh. Hence the impregnation of peaty matter, which river 
water generally contains, and to the greatest extent in summer, when apie hon 
the water is concentrated by evaporation, is not removed by filtering 
Animal charcoal is the proper substance for discolouring liquids, as oy 
it withdraws organic colouring matter, even when in.a state of Pie 
lution. bo hte bye) oy 

In the process of clarifying liquors by dissolving in them the We toate ome 
of egg and other albuminous fluids, the temperature is raised so as 
to coagulate the albumen, which thus forms a delicate ae. ae 
throughout the liquid, and is afterwards thrown up as scum mete 
the boiling, carrying all the foreign matter suspended in the ion K. 
along with it. 

Gelatine, isinglass, or other “‘finings,” added to wine in a turbid 
state, produce a precipitate with its tannin, which carries down all 
suspended matter; and on the settling of this precipitate, or its 
separation by filtering, the wine is found transparent. 

The most usual earthy impurities im water, occasioning its hard- 
ness, are sulphate of lime, and the carbonate of lime dissolved in Ae : ; a 
carbonic acid, both of which are precipitated on boiling the water,,+ 2. , & 
and occasion an earthy incrustation of the boiler. Ape L botfior ete. SY 


; 


So far as this precipitation is due to carbonate of lime it may beg Bi Coe 
avoided by adding hydrochlorate of ammonia to the water, by who 4 
the lime is converted into chloride of calctum and becomes soluble. A, Mog 
Water containing carbonate of lime may be also softened by the ad- ee 


dition of lime-water, as recommended by Professor Clark. Thames’ ia ae 
water si i for this purpose the addition of about one-fourteenth foi 7 


% * Annales de Chim. et de Phys. t. Ixv., p. 428. 
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of its bulk of lime-water. This, action of hag will be,ex- 
plained under carbonic acid. hut act otivres Lowy mw. 
When waters contain iron, they are termed tiastybante’ ih metal 
is most frequently in the state of carbonate dissolved in carbonic 
acid, and rarely in a proportion exceeding one grain in a pound of 
water. The swdphurous waters, which are recognised by their pe- 
euliar odour, and by blackening silver and salts of lead, contain 
hydrosulphuric acid in a proportion not exceeding the usual 
proportion of air in spring water, and generally no oxygen. Saline 
waters for the most part contain various salts of lime and magnesia, 
and generally common salt. Their density is always considerably 
higher than that of pure water. Sea-water contains 34 per cent. 
of saline matter, and has a density 1.0274. Its composition is in- 
teresting, as the sea comes to be the grand depository of ali the 
soluble matter of the globe. A minute analysis of the water of the 
English Channel, executed by Mr. Schweitzer, is subjoined :— 


_ Sea-water of the English Channel. Grains. 
Water J t ; . 964.74372 
Chloride of Pelee : ; . 27.05948 

potassium . : . > 0.76552 
magnesium ; .  8,66658 


Bromide of magnesium . . 0.02929 
Sulphate of magnesia . - . . 2.29578 
—— lime. : ; . 1.40662 
Carbonate of lime S eieat . 0.03301 


1000.0000 


In addition to those constituents, distinct traces of iodine and of 
aminonia were detected.* According to Professor Forchammer, the 
whole quantity of saline matter in water from different parts of the 
Atlantic varied from 35.7 parts (German sea) to 36.6 parts (tropics) 
in 1000 parts of the water. The relative proportion of the salts in the 
water of different seas varied very littlet 


BINOXIDE OF HYDROGEN. 


= 


ee 17, or 212.5 on Oxygen Scale ; ator mula H+ 20, 
or HO,. 


~, The second compound of hydrogen and oxygen is a liquid, con- 


* Phil. Mag. 3d Series, Vol. xv. page 58. 
+ Reports of the British Association, 1846; page 90. 
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taining twice as much oxygen as water, and is a body possessed of 
very extraordinary properties. It was discovered by Thenard, in 1818, 
who prepared it by a long and intricate process. 

_ Preparation.—The formation of the binoxide of hydrogen depends 
upon the existence of a corresponding binoxide of barium. The 
latter is obtained by calcining pure nitrate of baryta at a high tem- 
perature in a porcelain retort, and afterwards exposing the earth 
baryta or protoxide of barium, which is left, in a porcelain tube 
heated to redness, to a stream of oxygen gas, which the protoxide 
rapidly absorbs, becoming binoxide. ‘Treated with a little water the 
binoxide of barium slakes and falls to powder, forming a hydrate, of 
which the formula is BaO,+H O. Dilute acids have a peculiar 
action upon this hydrate, which will be easily understood, if the 
“binoxide of barium is represented as the protoxide united with an 
additional equivalent of oxygen, or as BaO+O. They combine 
with the protoxide of barium, forming salts of baryta, and the second 
equivalent of oxygen, instead of being liberated in consequence, 
unites with the water of the hydrate, the HO of the preceding 
formula giving rise to HO+O or the binoxide of hydrogen, which 
dissolves in the water. Although it would be inconvenient to aban- 
don the systematic name binoxide of hydrogen for this compound, 
still it must be allowed that the properties of the body, as well as its 
mode of preparation, are more favourable to the idea of its being a 
combination of water with oxygen, or oxygenated water, as it was 
first named by its discoverer, than a direct combination of its ele- 
ments. It is recommended by Thenard to dissolve the binoxide of 
barium in hydrochloric acid considerably diluted with water, and to 
remove the baryta by sulphuric acid, which forms an insoluble sul- 
phate of baryta. The hydrochloric acid, again free in the liquor, is 
saturated a second time with binoxide of barium, and precipitated ; 
and after several repetitions of these two operations, the hydrochloric 
acid itself is removed by the cautious addition of sulphate of silver, 
and the sulphuric acid of the last salt by solid baryta. Such is an out- 
line of the process, but its success requires attention to a number 
of minute precautions, which are fully detailed in the Traité de 
Chemie of the author quoted*. The weak solution of binoxide of 
hydrogen, which this process affords, may be concentrated by placing 
it with a vessel of strong sulphuric acid under the receiver of an 
air-pump, until the solution attains a density of 1.452, when the 


* Vol. i. page 479 of the 6th edition. 
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binoxide itself begins to rise in vapour without change. It then 
contains 475 times its volume of oxygen. 

M. Pelouze abridges this process considerably by employing hydro- 
fluoric acid or fluosilicic acid, in place of hydrochloric acid, to de- 
compose the binoxide of barium. By this operation, the baryta 
separates at once with the acid, in the state of the insoluble fluoride 
of barium, and nothing remains in solution but the binoxide of 
hydrogen. After thus decomposing several portions of binoxide of 
barium successively in the same liquor, the fluoride of barium may 
be separated by filtration, and the binoxide of hydrogen, which is 
still dilute, be concentrated by means of the air-pump. 

Properties.—Binoxide of hydrogen is a colourless liquid resem- ; f 
bling water, but less volatile, having a metallic taste, and instantly \ 
bleaching litmus and other organic colouring matters.» It is decom- | 
posed with extreme facility, effervescing from escape ofsoxygen: at a . 
temperature of 59°, and when suddenly exposed to a greater heat, 
such as 212°, actually exploding from the rapid evolution%df: that | 
gas. It is rendered more permanent by dilution with water, and | 
still more so by the addition of the stronger acids, while alkalies! 
have the opposite effect. . 

The circumstances attending the decomposition of this body are / 
the most curious facts in its history. Many pure metals and metallic | 
oxides occasion its instantaneous resolution into water and oxygen \ 
gas, by simple contact, without undergoing any change themselves, 
affording a striking illustration of catalysis (page 233); and this | 
decomposition may excite an intense temperature, the glass tube in 
which the experiment is made sometimes becoming red hot. Some 
protoxides absorb at the same time a portion of the oxygen evolved, 
and are raised to a higher degree of oxidation, but most of them do 
not; and certain oxides, such as the oxides of silver and gold, are 
reduced to the metallic state, their own oxygen going off along with 
that of the binoxide of hydrogen. The decomposition of these 
metallic oxides cannot be ascribed to the heat evolved, for oxide of 
silver is reduced in a very dilute solution of the binoxide of hydro- 
gen, although the decomposition is not then attended with a sensible 
elevation of temperature. The metallic oxides which are decomposed in 
this remarkable manner are originally formed by the decomposition. of 
other compounds, and not by the direct union of their elements, 
which, in fact, exhibit little affinity for each other. In this general 
character they agree with binoxide of hydrogen itself, 

Uses.—The binoxide of hydrogen is a substance which it is. ex 

Y 
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ceedingly desirable to possess, with the view of employing it in bleach- 
ing, and for other purposes, as a powerful oxidating agent. But 
the expense and uncertainty of the process for preparing this com- 
pound have hitherto prevented any application of it in the arts, or 
even its occasional use as a chemical re-agent. | 


SECTION III. 
NITROGEN. 


Synoyme, azove. Hquiv. 14, or 175 (O=100); symbol N ; 
density 971.37; combining measure bila : 
Aes Nett Dr. Rutherford, of Edinburgh, examined the air which remains 
Be Sy wer, after the respiration of an animal, and found that after bemg. washed 
A ff hey Ve With lime-water, which removes carbonic acid, it was incapable of 
/’ -/ |. supporting either combustion or respiration. He concluded that it 
“4 sa peculiar gas. Lavoisier afterwards discovered that this gas 
a eye wf "Ssts in the air of the atmosphere, forming indeed 4-5ths of that 
ad Oe %,-v» wixture, and gave it the name azote, (from a, privative, and wy life), 
le from its inability to support respiration. It was afterwards named 
ie en, by Chaptal, because it is an element of nitric acid. Besides 
Ve wc (a nde in air, nitrogen forms a constituent of most animal and of 
; many vegetable substances. In a natural arrangement of the ele- 
jicte. I ape Sh ments, nitrogen appears to have its place between oxygen and 
farmer pony phosphorus (page 173). 
Upvt, wV% — Preparation.—Nitrogen is generally procured by allowing a com- 
bustible body to combine with the oxygen of a certain quantity of 
air confined in a vessel. Jor that purpose a little metallic or porce- 
ip /¥ lain cup may be floated, by means of a cork, on the surface of the 
Aytlle (7, water-trough. A few drops of alcohol are then introduced into the 
Gia cup, ora small piece of phosphorus is placed in it, and being kindled, 
Ea) OS fpr, tall bell jar is held over the cup, with its lip in the water. The 
combustion soon terminates, and the water of the trough rises in the 
jar. Alcohol does not consume the oxygen entirely, a small portion 
of it still remaining mingled with the nitrogen; a certain quantity of 
carbonic acid gas is also produced by its combustion. But the com- 
bustion of phosphorus exhausts the oxygen completely, and leaves 
nitrogen unmixed with any other gas. : 3 
Nitrogen may be likewise conveniently obtained by conducting 
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chlorine gas into diluted ammonia, For delicate purposes of re- 
search this gas is best prepared by carrying air through a tube filled 
with reduced metallic copper in a pulverulent form, and heated to 
redness, by which the oxygen is entirely absorbed. 

Properties.—Nitrogen gas is tasteless and modorous; has never 
been liquefied, and is less soluble in water than oxygen. It isa 
little lighter than air, which posseses the mean ‘density of 79.1 
volumes of nitrogen and 20.9 volumes of oxygen. Nitrogen is a 
singularly inert substance, and does not unite directly with any other 
single element, so far as | am aware, under the influence of light or 
of a high temperature, unless, perhaps, oxygen and carbon, A- 
burning taper is instantly extinguished in this gas, and an animal 
soon dies in it, not because the gas is injurious, but from the priva- 
tion of oxygen, which is required in the respiration of animals. 
Nitrogen appears to be chiefly useful in the atmosphere, as a diluent 
of the oxygen, thereby repressing to a certain degree the activity of com- 
bustion and other oxidating processes. Of the fixation of free nitro- 
gen plants, there is no evidence. When heated with oxygen, nitro- 
gen does not burn like hydrogen, nor undergo oxidation. But nitrogen 
may be made to unite with oxygen by transmitting several hundred 
electric sparks through a mixture of these gases in a tube, with 
water or an alkali present, and nitric acid is produced. The water 
formed by the combustion of hydrogen in air, or of a mixture of hydro- 
gen and nitrogen in oxygen, has often an acid reaction, which is due 
toa trace of nitric acid. But when the hydrogen is mixed with air 
im excess, so as to prevent great elevation of temperature during the 
combustion, the oxidation of the nitrogen does not take place (Kolbe). 
Nitric acid is also a product of the oxidation of a variety of com- 
pounds containing nitrogen. Ammonia mixed with air, on passing 
over spongy platinum ata temperature of about 572°, is decomposed, 
and the nitrogen it contains is completely converted into nitric acid, 
by combining with the oxygen of the air. Cyanogen and air, under 
similar circumstances, occasion the formation of nitric and carbonic 
acids*. Nitric acid is also largely produced by the oxidation of 
organic matters during putrefaction in air, when an alkali or lime is 
present, as in the natural nitre soils and artificial nitre beds. 

A suspicion has always existed that nitrogen may be a compound 
body, but it has resisted all attempts to decompose it, and the evi- 
dence of its elementary character is equally good with that of most 


* Kuhlman, Phil. Mag. 3d Series, vol. xiv. page 157. | 
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other bodies reputed simple. Before considering the compounds of 
nitrogen with oxygen, we may notice the properties of atmospheric 
air, which is regarded as a mechanical mixture of these gases. 


& oglimev THE ATMOSPHERE. 

According to the new and most careful determination of the weight of 

air by M. Regnault, 100 cubic inches of atmospheric air, deprived of 

Dw Beiee. aqueous vapour and the small quantity of carbonic aciditusually contains, 

30. 9407 weigh 30:82926 grains, at 60° and 30 Bar. Its density at the same 

temperature and pressure is estimated at 1000, and is conveniently 

assumed as the standard of comparison for the densities of gaseous 
bodies, as water is for solids and liquids. Hence, at 62°, air is 810 * 
times lighter than water, and 11,000 times lighter than mercury. 
The bulk of air varies with its temperature and the pressure affecting 

it, according to the same laws as other gases (pages 12 and 75)*. 
The mean pressure of the atmosphere at the surface of the sea is 
generally estimated as equal to the weight of a column of mercury 
of 30 inches in height, which is about 15 pounds on the square 
inch of surface, and is equivalent to a column of water of nearly 
34 feet m height. The oxygen alone is equal to a column of 7.8 
feet of water over the whole earth’s surface, from which an idea may 
be formed of the immense quantity of that element, and how small 
the effect must be of the oxidating processes observed at the earth’s 
surface in diminishing it. If the atmosphere were of uniform 
density, its height, as inferred from the barometer, would be 11,000 


* I. Wricut oF 1 Liver oF Gass, at 0° C., Bay. 0.76 meter (Regnault). 
In Grammes. 


Atmospheric Air. te 1293187 
., Nitrogen : ‘ : : 3 1.256167 
Oxygen ; ; ; : f 1.429802 
Hydrogen. 2 tees ; 0.089578 
Carbonic Acid : : : , 1.977414 


~ =r sal ——), De C a eon Car! "eo op ." _ 
Th ea ee ST YR NG ng ei a Loge eH LITRES rN en rN GAN oF 


II. Wri1eut or 100 Cunic INcuEs or GasEs; Bar. 29.92 inches. a OO am 


A004 le At 32 F, At 60° F. 


In Grains. In Grains. 
32.7046AH6 —Atmospheric Air... BRB86B |. 80-82026~ $0. phos 
a WE 3372 — Nitrogen . . . . ~ 8466020 .. . 20:05260-4 52, 0OS77 
L)&S ONS —_Oxygn’  . wwt«(tst(«é«a BOG «=«s«|:«ws CK GOFT—| 34.53334 
es DL SHiO2. Xs Hydrogen 221/807 Cha QAGRIG 2. R44 2420/9527 
a Mea ~Carbonie Acid. 5003856~ . AF-88972— 4 7.31082 


e416 rains ; and the volume of air and the other gases, at ae 1:05701, their 


‘so Cm French liter is takien’ at 61 .028 English cubic idichea: the gramme at 
volume“at Seok being 1. 
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times 30 inches, or 5.208 miles, but the density of air being pro- 
portional to the pressure upon it, diminishes with its elevation, the 
superior strata being always more rare and expanded than the inferior 
strata upon which they press. 


DENSITY OF THE ATMOSPHERE. 


Height above the sea in miles. Volume. 
() : : As A é Prey 
2.705 : ; ? é Sap higk’ 
5.41 ; : ; ne 
8°115 j : : Bie 
10.82 : : : : seis il 
13.424 hha cies ; : . 9&2 
16°23 : ‘ : : . 64 


At a height of 2°705 miles (11,556 feet) the atmosphere is of half 
density, by calculation, or 1 volume is expanded into 2, and the 
barometer would stand at 15 inches; the density is again halved for 
every 2°7 miles additional elevation. From calculations founded on 
the phenomena of refraction, the atmosphere is supposed to extend, 
in a state of sensible density, to a height of nearly 45 miles. It is 
certainly limited, probably from the expansibility of the aérial par- 
ticles having a natural limit (page 76). The atmospheric pressure 
also varies at the same place, from the effect of winds and other 
causes, which are not fully understood. Hence the use of the 
barometer as a weather glass ; for wet and stormy weather is generally 
preceded by a fall of the mercury in the barometer, and fair and 
calm weather by its rise. 

The temperature of the atmosphere is greatest at the earth’s 
surface, and has been observed to diminish one degree for every 
352 feet of ascent, in the lower strata. Itis believed, however, that 
the progressive diminution is less rapid at great distances from the 
earth. But at a certain height, the region of perpetual congelation is 
attained even in the warmest climates; the summits of the Andes, 
which rise 21,000 feet, being perpetually covered with snow under 
the equator. The line of perpetual congelation, which has been 
fixed at 15,207 feet at 0° latitude, descends progressively in higher 
latitudes, being 3,818 feet at 60°, and only 1016 feet at 75°. The 
decrease of temperature with elevation in the atmosphere is ascribed 
to two causes. 1. To the property which air has of becoming 
cold by expansion, which arises from an increase of its latent heat 
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with rarefaction. The actual temperature of the different strata of 
the atmosphere is indeed believed to be that due to their dilatation, 
supposing that they had all the same original temperature and 
density as the lowest stratum. 2. To the circumstance that the 
atmosphere derives its heat principally from contact with the earth’s 
surface. The sun’s rays appear to suffer little absorption in passing 


-"  », through the atmosphere; but there are some observations on the 
___ force of solar radiation which are not easily reconciled with that cir- 
: » cumstance. A thermometer, of which the bulb is blackened, rises 


a certain number of degrees above the temperature of the air, 

. when exposed to the sun, but the rise is decidedly greater on high 

(y mountains than near the level of the sea, and in temperate, or even 

arctic climates, which is more remarkable, than within the tropics. 

It is a question how solar radiation is obstructed m the hotter 
climates*, 

The blue colour of the bi has been found by Brewster to be due 
to light that has suffered polarization, which is therefore reflected 
light, ike the white light of clouds. The air of the atmosphere 
must therefore have a disposition to absorb the red and yellow solar 
rays, and to reflect the blue rays. At great heights, the blue colour 
of the sky was observed by Theodore de Saussure to become deeper 
and deeper, being mixed with black, owing to the absence of white 
reflecting vapour or clouds. The red and golden tints of clouds appear 
to be connected with a remarkable property of steam observed by 
Professor J. Forbes. A light seen at night through steam issuing 
into the atmosphere from under a pressure of from 5 to 30 pounds 
on the inch, is found to appear of a deep orange red colour, exactly 
as if observed through a bottle containing nitrous acid vapour. The 
steam, when it possesses this colour, is mixed with air, and on the 
verge of condensation ; and it is known that the golden hues of 
sunset depend upon a large proportion of vapour in the air, and are 
indeed a popular prognostic of rain.T 

Winds.—The movement of masses of air, or wind, is always pro- 
duced by inequality of temperature of the atmosphere at different 
points of the earth’s surface, or in different regions of the atmosphere 

‘of equal elevation. The primary movement is always an ascending 
current, the heated and expanded air over some spot rising in a ver- 
tical column. Dense and colder air flows towards that point, pro- 


* Daniell’s Meteorological Essays, 2d edit. 
_ + Phil. Mag. 3d Series, vol. xiv. pp. 121 and 425, and vol. XV; pp. 25 and 419. 
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ducing the horizontal current which is remarked by an observer on 
the earth’s surface. Some winds are of a very limited range, and 
depend upon local circumstances; such are the sea and land breeze 
experienced upon the coasts of tropical countries. From its low 
conducting power, the surface of the land is more quickly heated 
than the sea, so that soon after sunrise the expanded air over the 
former begins to ascend, and is replaced by colder air from the sea, 
forming the sea breeze. But after sunset, the earth’s heat, being less 
in quantity, is more quickly dissipated by radiation than that of the 
sea, and the air over the land becomes dense and flows outwards, 
displacing the air over the sea, and producing the land breeze. Itis 
obvious that these inferior currents must be attended by a superior 
current in an opposite direction, or that the air in these winds is 
carried in a perpendicular vortex of no great extent, of which the 
motion is reversed twice every twenty-four hours. A grand move- 
ment of a similar nature is produced in the atmosphere, from the 
high temperature of the equatorial compared with the polar regions 
of the globe; the air over the former constantly ascending, and 
having its place supplied by horizontal currents from the latter, 
within the lower region of the atmosphere. Hence, if the earth were 
at rest, the wind would constantly blow at its surface, from the poles _ 

to the equator, and in the opposite direction in the upper strata of the 
atmosphere. But the earth, accompanied by its atmosphere, makes a 
diurnal revolution upon its axis, in which any point on its surface is 
always passing to a point in space previously to the east of it, and witha 

hy b. wu, — Velocity proportional to its circle of latitude on the globe ; a velocity 
ae) which is consequently nothing at the poles, and attains its-maximum at ~ 

the equator. The result of this is, that the lower current or polar stream, 

_ in tending to the equator, is constantly passing over parallels of latitude 

hich have a greater degree of velocity of rotation to the east, than 

‘te, [ruece“4 the stream itself, which comes thus to be felt as a resistance from the 
(lad, t«~k\ east; and instead of appearing as a wind directly from the north, as 

64 uw. /.5\ it really is, this stream appears as a wind from the east, with a certain 
ortherly declination, which diminishes as the stream approaches the 

es equator, where it flows directly from the east, constituting the great 

yy, rade-wind which constantly blows across the Atlantic and Pacific 

| Aad Oras from east to west within the tropics. Our keen east winds & 
ot, in‘spring have a low temperature, which attests their arctic origin. JN. 
The upper or equatorial current has its course deflected by similar 
causes ; starting from the equator it has a greater projectile force to 

the east than the parallels of latitude over which it has to pass, and — 
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retaining this motion towards the east it appears, as it passes over 
them, a west wind or wind from the west. The upper current, flow- 
ing in the opposite direction from the trade-wind below, was actually 
experienced by Humboldt and Bonpland on the summit of the Peak 
of Teneriffe, and has been indicated at various times by the transport 
of volcanic ashes by its means. 

These currents, instead of flowing in a uniform manner over and ot) 
under each other, appear often to descend, and to flow side by side, sac 
giving rise to hot and cold seasons in their different courses, and the WUE - 
great variability of climate of the temperate zone. On the great cin fh “Se 
oceans, within the temperate zone, westerly winds prevail greatly over 
easterly, which are supposed by some to be the upper current de- 
scending to the surface of the earth. These westerly winds temper’ 
the climate of the western sea-board both of Europe and America, | 
which is mnch milder than the climate of their eastern coasts. 

The nature of the movement of the atmosphere in hurricanes has 
lately received considerable elucidation. It appears that they move 
in circles, and are great horizontal vortices, which are probably pro | 
duced by currents of air meeting obliquely, like the little eddies or 
whirlwinds formed at the corner of streets. The whole vortex also | 
travels, but.its movement of translation is slow compared with its | 
velocity of rotation.* 

Some hurricanes in the United States have a path of only a few 
hundred yards in width, but extending for many miles. An inte- 
resting theory of the origin of these, and many other local winds, has 
been proposed by Mr. Espy, and favourably reported upon by M. | 
Babinet, to the French Institute. When a column of air, saturated — 
with vapour at a high temperature, ascends in the atmosphere, it | 
expands by the removal of pressure and becomes colder, as happens | 
with dry air of the same temperature. But on being cooled to a 
certain point of temperature by its ascent, vapour condenses in the 
former, and raising the temperature of the column makes it specifi- 
cally lighter and more buoyant. The ascent of damp air has thus a 
tendency to perpetuate itself, and may give rise to a most powerful MY Grogs ( 
upward aspiration, as is shewn by calculation, quite adequate to Oferta, 
prostrate trees, and produce the mechanical effects observed; the fund, 
whole funnel being carried over the surface of the earth by a more f 
general movement of the atmosphere. 


Vapour.—The properties of the atmosphere are much affected by 


—————— 
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* Colonel Reid on the Law of Storms; also the work Mr. Espy. 
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the presence of watery vapour in it, which it acquires from contact 
with the surface of the sea, lakes, rivers, and humid soil. The quan- 
tity which can rise into the air is limited by its temperature (p. 90), 
and comes to be deposited again from various causes. The surface 
of the earth is cooled by radiation, and occasions the precipitation of 
dew from the air in contact with it. Vapour is also condensed into 
drops, from various agencies within the atmosphere itself. The fol- 4, 
lowing are the principal causes of clouds and rain. 1. The ascent of pm fe 
air in the atmosphere, and its consequent rarefaction, which is th pluch{ 
attended with cold. A cloud will be observed within the receiver of ‘, Be, yy 
an air-pump, on the plate of which a little water has been spilt, Ee oo wo “ 
making two or three rapid strokes of the pump, which is due to this/ 
cause. It is observed in operation in the formation of the clouds and deg Avg 
mists which settle on the summits of mountains. The wind passing %_ Uz larput far 
over the surface of a level country is impeded by a mountain ; rising - 
in the atmosphere the stream overcomes the obstacle, and abbadl bcs a 
cloud as it passes over the mountain, which appears stationary on its 
summit. 2. The mixing of opposite currents of hot and cold air, 
both saturated with humidity, may occasion rain, from the circum- 
stance, first conjectured by Dr. Hutton, that the currents of air on 
mixing and attaining a mean temperature are incapable of sustaining eae 
the mean quantity of vapour. Thus, supposing equal volumes of air Gp birPreb 
at 60° and 40°, both saturated with. vapour, to be mixed, the ten- fore% yo 
sion of vapour at the former temperature being the 0.524th of an 4 
inch of mercuty, and at the latter the 0.268rd of an inch, the mean uted rhs 
tension is the 0.398rd ofan inch. But the tension of vapour at 50°, Ugh Am 
the intermediate temperature is only the 0.375th of an inch; and en e aS. 
consequently the excess of the former tension, or vapour af the 
0.01 8th of an inch of tension, must condense as rain. But this is an 
inconsiderable cause of rain compared with the next. 3. Contact of 
air in motion with the cold surface of the earth, or mere proximity, 
appears to be the most usual cause of its refrigeration, and of the 
precipitation of rain from it. The mean temperature of January in 
this country is about 34°, but with a south-west wind the thermome- 
ter may be observed gradually to rise in the course of 48 hours to 
34°. Now supposing this wind to be saturated with vapour at 54° 
and to be cooled to 34°, as it is on its first arrival, the moisture 
which it must deposit is very considerable, as will opce: by the 
following calculation :— 
Tension of vapour at 54° . «(0.429 inch. | 
¥ Sos Be Oe So ee 1a 
Condensed .. .-0.215_,; LVivds by, Mag. 
| A $4h 


- guration in the same storm. The 
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i 
The mean annual fall of rain in London amounts to a column of | 


23 inches. The quantity collected by a rain-gauge is found to be 
affected to an extraordinary extent by very moderate differences of 
elevation. Thus the annual fall of rain in three situations was 
found, by Professor J. Phillips, to be as follows :— 


Inches. Height. 
Top of York Minster ot LBD Oh ci 242 heat, 
| Roof of Museum ; 5 gies COAG Ler ei Ap aie 
Surface of ground. 24401 7. 0. oy, ee a A pee 


The last stated cause of rain throws some light on this inequality: 


the air is more cooled ear the grounds and therefore deposits Bs 


humidity. 
The annual fall is greater near the equator, and diminishes in high 


latitudes. At Granada (lat. 12° .N.), it is 126 inches; at Calcutta 
(lat. 19° 46’), 8l inches; Rome, 39 inches; average of England, 


dl inches ; St. Petersburgh, 16 inches; Uleaborg, 133 inches. The 
number of rainy days follows a different proportion, the average 
during the year being about as follows :— 


In Northern Europe d ieee 
In Central Kurope . : LT EO 
In Southern Europe : . 7 120* 


When clouds form at temperatures below 32°, the aqueous vapour 
is converted into an infinity of little needle-like crystals, which often 
diverge from each other at angles of Fic. 105. 
60° and 120°, as do also the thin 
crystals in freezing water. Snow 
differs very much in the arrange- 
ment of these spicule (fig. 105), but 
the flakes are all of the-same confi- 


4 NERS 


Oe 


figures are essentially referable to a 
hexagonal star or prism, one of the 
crystalline forms of ice. Haz is also 
produced by cold, but in circum- 
stances which are entirely different. 
It occurs only in summer or in warm 
climates, and when the sun is above 
the horizon. It seems to be pro- 
duced in a humid ascending current 
of air, greatly cooled by rarefaction, 
which has an upward velocity suffi- 


* See Miiller’s Physics and Meteorology, and Kamtz’s Meteorology, by Walker. 
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cient to sustain the falling hailstones at the same place till they attam | d 
considerale magnitude. The formation of hail is always attended with 
thunder or signs of electricity; and it has been found that small 
districts may be protected from its devastations by the elevation of 
many thunder rods. 

Analysis of air.—A knowledge of the composition of the atmo- 
sphere followed that of its constituent gases. Various modes of _ 
analysis are>practised:—1. A stick of phosphorus introduced into » Lape ie 
a known measure of air in a graduated tube, effects a complete 
absorption of the oxygen in 24 hours. On afterwards withdrawing 
the phosphorus the diminution of volume may be observed, which 
always indicates 20 or 21 per cent. of oxygen. 2. A known mea- 
sure of air may be mixed with a slight excess of hydrogen more than ‘ 
sufficient to combine with its oxygen,100 volumes of air, for exam- %/, hig By: 
ple, with 50 volumes of hydrogen, and the mixture exploded in a : 


Se ee one a 


L onl, ef. 
strong glass tube of proper construction, by means of the electric 7 
A Yagi Se ~ \f os: % 

spark. The diminution in volume of the gases after combustion is - 


. observed ; and as oxygen and hydrogen unite in the exact ratio of 
7 one volume of the first to two volumes of the second, one-third of the 
| diminution represents the volume of oxygen in the measure of air 
employed. The tube used for this purpose is called the voltaic eudio- 74. . / #H a ve 
meter. The syphon eudiometer is a convenient instrument of this y Pua cprrd 
kind. It is formed ofa straight tube moderately stout, of about 1-4th -.4 ee : 
i Fig. 106. or 8-8ths of an inch internal diameter, sealed at 4-4... haw). 
ay, Lo / ““- ¢ gn 
one end, and about 22 inches long. The closed ~~ mwAo one 


me om a end of this tube being softened by heat, two stoutat fa. Peary 
yr . Aa ee platinum wires are thrust through the glass from ¢~v¢ Tru 
td (Che d vy ° 


opposite sides of the tubes, so that their extremi-7, 7, Juchtg Pi 
ties in the tube approach within one-tenth of any,.s4Z.s - 
inch of each other. These are intended for theL, phe, aby ll. 
transmission of the electric spark, and are retained, Wratr « 
as if cemented, in the apertures of the glass V lacey, isle en 
when the latter cools. One-half the tube next the ACigaer ballg_ 
closed end is afterwards graduated into hundredths of a cubic inch, / , La 
and the tube is bent in the middle, like a syphon, as represented by Vicar Cant 
a in the figure. By a little dexterity, a portion of the gaseous mix- ices Cel 
ture to be exploded is transferred to the sealed limb of the mstru-——— ee hence? 
ment, at the water or mercurial trough, and the measure noted with 27 (here 
the liquid at the same height in both limbs. The mouth of the— Lg oie 
fe | open limb may then be closed by a cork, which can be fixed down ye & ps 


c by soft copper wire. A chain being now hung to one platinum ame 
Ve He Tasty, (nec. Gh. 4 bin SHE Sige 37). 
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wire, the other is presented to the prime conductor of an electric 
machine, or to the knob of a charged Leyden phial 4, so as to take a 
spark through the mixture, which is thereby exploded. The risk of the 
tube being broken by the explosion, which is considerable in the ordi- 
nary form of the eudiometer, is completely avoided in this instrumeut 
by the compression of the air retained by the cork in the open limb, 
this air acting as a recoil spring upon the occurrence of the explo- 
sion in the other limb. 3. The combustion of the mixed gases may 
be determined without explosion by means of a little pellet of spongy 
platinum, and the experiment can then be conducted over mercury 
in an ordinary graduated tube. 4. Another exact method of remov- 
ing oxygen from air, recommended by Gay-Lussac, is the introduction 
into the air of slips of copper moistened with hydrochloric acid, which 
absorb oxygen with great. avidity. 
i 4 ts “l 5. A solution in ammonia of the subchloride of copper, or of any 
te) x9 wd, ,{, salt of the suboxide of that metal, such as the sulphite, absorbs 
V7 Fs - oR eD with great avidity, and may be used in the analysis of air. 
Se Sev 6m theacedat careful analyses of air by M. Dumas, the oxygen, 
wa pupetalice was withdrawn, by passing air over reduced netaltic copper. at 
eu a ie pauvp red. heat. To obtain the necessary preision in the results, the 
Be Mop cy, periment was condncted in the following manner. In fig. 107, a bis 


tn 
x Fig. 107. 
ee a th, ba on ie, tag’: 0 fr, 
fo Vhinw csi eth blll on 7 hey oh 
4st FP oe, SS eee iB athe 
fi 2 Uo fterdhea 
ni == Pith 
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a tube of the difficul diffusible or hard glass used in “organic saa 
sis, which is filled with metallic copper (reduced from the black oxide 
of copper by hydrogen), and placed in a long trough furnace of sheet 
iron, in which it can be heated to redness throughout its whole 
length. The tube is provided with stopcocks at both ends, and at- 
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tached by caoutchouc tubes to small glass tubes. By one of these 


small tubes it communicates with a glass balloon V, of about 1200 
cubic inches in capacity, having a stopcock w; and by the other 7, 
with a series of tubes A, B, and C. Of these A is a series of bulbs 
containing a concentrated solution of caustic potash, and is intended 
for the absorption of the small portion of carbonic acid present in 
air; the U shaped tube B contains fragments of pumice impregnated 
with the same alkaline solution ; and the similar tube C is filled with *. 
pumice impregnated with oil of vitriol, in order to dry the pure a 
The balloon V is weighed and applied to the other. appafati tus in a 
vacuous state. The tube a 0 containing the metallic copper is also 
weighed before hand. The tube and copper being heated to low 
redness, the stopcocks are partially opened, and air allowed to flow 
in a gradual manner into V. The oxygen is entirely absorbed by the 
copper, and the weight of that constituent ascertained by weighing 
the tube a 0 after the experiment. The nitrogen passes on alone into 
V, and its weight is found by again weighing that balloon. A 
great many analyses made in this way gave the following mean re- 
sults :— 


Air by weight. Air by volume. 


Oxygen . Siegal eet 20.90 
Nitrogen . ; . 16.90 Seas 79.10 
100.00 100.00 


Air from distant localities and different elevations has not exhibited vines Vv Me 3 

any sensible variation in composition. a ee 
The theory | of the constitution of mixed gases of Dalton supposes ae J thy 

that the oxygen and nitrogen of air form dene atmospheres," “Ze M5, , 

the one gas not pressing ypoftor interfering withthe heater “Tf each of eee 

these atmospheres weré ‘Of uniform dénsity, ace heiglfts GAO 

viously be inversely as the densities of the two gases, the height of the 

nitrogen column 8, and that of the oxygen 7 ; and the proportion of 

the one gas to the other would vary with the elevation. The same 

variation should occur in the atmosphere in its actual state : the pro- 

portion being supposed 21 per cent. at the level of the sea, by a 

calculation on this principle it should be 20.070 per cent. at a 

height of 10, 000 Parisian feet, and 19.140 per cent. at a height of 

20,000 feet. But as the influence of the great polar and eepal 

currents is allowed to extend to a greater height in the atmosphere 

than the last, and than has ever been reached by man, it is not to be 
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wondered at that no diminution in the proportion of oxygen is ob- 
servable in the accurate analyses of air from the summit of the Faul- 
horn (8000 feet) which were lately made by Brunner, with, the view 


of testing this hypothesis. */#« Dbl bcd 7 bern £ ~C0,. 
Besides these constituents, the atmosphere always contains ajuwz 
variable quantity of watery vapour and carbonic acid gas. The pre-Gr~ 


sence of the latter is observed by exposing to the air a bason oft, gol 
lime-water, which is soon covered by @ pellicle of carbonate of lime.z 74," 


Its proportion is ascertamed by adding baryta-water of a known 
strength, from a graduated pipette, to a large bottle of the air to be 
examined ; agitating after each addition, till a slip of yellow turmeric 
paper 1s made permanently brown by the baryta-water after agitation, 
which proves that more of the latter has been added than is neu- 
tralized by the carbonic acid of the air. The carbonic acid is in the 
equivalent proportion (by weight) of the quantity of baryta which 


has been neutralized.  Ghgr. Cetewnr wt zz fee Depet ” ee 
Another and perhaps more exact ticthod ts to“Graw a large buf’ “7 : 


known volume of _dry air through a U tube, containing pumice im- 
pregnated with caustic potash, and to pass it afterwards through a 
second U tube, containing oil of vitriol. The increase of weight on 
both tubes weighed together is the proportion of carbonic acid. 
Like every subject connected with the atmosphere, the proportion 
of carbonic acid which it contains was ably investigated by the 
Saussures. ‘The elder philosopher of that name detected the pre- 
sence of this gas in the atmosphere resting upon the perpetual snows 
of the summit of Mont Blanc, so that there can be no doubt that 
carbonic acid is diffused through the whole mass of the atmosphere. 
The younger Saussure-has ascertained, by a series of several hundred 
analyses of air, that the mean proportion of carbonic acid is 4.9 


volumes in 10,000 volumes of air, or almost exactly ] m 2000 | 


volumes; but it varies from 6.2 as a maximum to 3.7, as a minimum 
in 10,000 volumes. Its proportion near the surface of the earth is 
greater in summer than in winter, and during night than during day 
upon an average of many observations. It is also rather more abun- 
dant in elevated situations, as on the summits of high mountains, 
than in the plains; a distribution of this gas which proves that the 
action of vegetation at the surface of the earth is sufficient to keep 
down the proportion of it in the atmosphere, within a certain limit. 


* Poggendorff, Handworterbuch der Chemie, Bd. i. 5. 570. 
+ Saussure, Annales de Chim. et de Phys. t. xxxviii. p. 411; and t. xliv. p. 5. 
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An enormous quantity of carbonic acid is discharged from the ele- 
vated cones of the active volcanoes of America, according to the 
observations of Boussingault, which may partly account for the high 
proportion of that gas in the upper regions of the atmosphere. The 
gas emitted from the volcanoes of the eld world, according to Davy 
and others, is principally nitrogen. 
Carbonic acid is a constituent of the atmosphere which is essential 
to vegetable life, plants absorbing that gas, and deriving from it the 
whole of their carbon. Extensive forests, such as those of the 
Landes in France, which grow upon sands absolutely destitute of 
carbonaceous matter, can obtain their carbon in no other manner. 
But the oxygen of the carbonic acid is not retained by the plant, 
for the lignin and other constituent principles of vegetables, contain, — 
it is well known, no more oxygen than is sufficient to form water 
with their hydrogen, and which, indeed, has entered the plant as water. 
The oxygen of the carbonic acid must therefore be returned in some 
form to the atmosphere. The discharge of pure oxygen gas from 
the leaves of plants was first observed by Priestley, and the general 
action of plants upon the atmosphere has subsequently been mi- 
nutely studied by Sir H. Davy and Dr. Daubeny. The decomposi- 
tion of carbonic acid requires the concurrence of light; and is not 
therefore sensible during the night. That plants fully compensate 
for the loss of oxygen occasioned by the respiration of animals and 
other natural processes is not improbable; but the mass of the 
atmosphere is so vast that any change in its composition must be 
very slowly effected. It has, indeed, been estimated that the pro- 
portion of oxygen consumed by animated beings in a century does 
not exceed 1-7200th of the whole quantity. 
Other gases and vaporous bodies are observed to enter the at- a4 
mosphere, but none of them can afterwards be detected in it, with ; 
the exception of hydrogen in some form, probably as the light 
carburetted hydrogen of marshes, of which Boussingault believes al 
that he has been able to detect the presence of a minute but ap- 4 
preciable proportion.* He alsqobserved concentrated sulphuric acid 
to be blackened when exposed in a glass capsule to the air, pro- 
tected from dust, and at a distance from vegetation, which he 
ascribes to the occasional presence in the air of some volatile car- 
bonaceous compound which is absorbed and decomposed by the acid. 
+f. Ammonia (N H,) also 1 is a minute but essential constituent of air, ’ 


* Annales de Chim. et de Phys. lvii. 148. 
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3 fe... ea. A jz, probably in the form of carbonate.. It is brought down by rain, 

- Be pond 1 is the principal source of the nitrogen of Plants. Th ad et Ly. 

: e BAe / Omitting the aqueous vapour always present in air, but of which -~<. 
Pheficrwter . A “fing proportion 1 is constantly fluctuating, it may be represented as 
am th AW Meollows, i in 10,000 volumes :— 


COMPOSITION OF DRY AIR BY VOLUME. 


Nitrogen . : : : J of DLE 
Oxygen . ‘ , : . 2080 
Carbonic acid. , 4 
Carburetted a C H, ‘ 4 
Ammonia. AD Ott Tie’ 

10,000 


: Of the odoriferous principles of plants, the miasmata of marshes 

Siren elt. y,() and other matters of contagion, the presence, although sufficiently ee 
Yee the ou» ix Obvious to the sense of smell, r by their effests,upon the human * ie 
OOo ach gonstitution, cannot be detéctéd by themical ests.“ But it may be 
‘a a, Cert a remarked in regard to them, that few or none of the compound vola- 
a, Pee tile bodies we perceive entering the atmosphere, could long escape 
——! 794%,~ destruction from oxidation. The atmosphere contains, indeed, within 

ai cate itself the means of its own purification, and slowly but certainly con- 
8H; verts all organic substances exposed to it into simpler forms of 

HE s a7 ¥4. matter, such as water, carbonic acid, nitric acid, and ammonia. Al- 

a pation though the occasional presence of matters of contagion in the atmo- 

4 Boe t “(el CSphere is not to be disputed, still it is an assumption, without 
ee, cevidence, that these substances are volatile or truly vaporous.f//Other 
matter s of infection with which we can compare them, such as the 

te of cow-pox, may be dried in the air, and are not in the least’ 

degree volatile Indeed, volatility of a body implies a certain sim- 
ed). yf Cw oe v plicity of constitution and limit to the number of atoms in its inte- 
4 ‘Agape a w. grant particle, which true organic bodies appear not to ae 


i Se ae hs C4 
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/ they aout if vapours, be liable to a speedy attenuation by. diffusion 
so great as to render their action wholly inconceivable. It is moré 
probable that matters of contagion are highly organized particles of 
fixed matter, which may find its way into the atmosphere, notwith- 
standing, like the pollen of flowers, and remain for a time suspended 
in it ; a condition which is consistent with the admitted difficulty of 
reaching and destroying those bodies by gaseous chlorine, and with 
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the washing of walls and floors as an ordinary disinfecting’ practice. 
On’ this obscure subject, I may refer to a valuable paper by the late czz hiccees 7 
Dr. Henry upon the application of heat to disinfection, in which it is? eS: 
proved that a temperature of 212° is destructive to such contagious7 “<~-& fo 
2 1 orpeute nxt, 
matters as could be made the subject of experiment.* GLY Suse 
With reference to gaseous disinfectants, it may be remarked that, @ ee. 06. 
sulphurous acid gas (obtained by burning sulphur) is preferable, on : ac 
speculative grounds, to chlorine. No agent checks more effectuallyce2¢ eur lee, 
the first development of animal or vegetable life. This it does bye/Zcd Py Dw 
preventing oxidation. In the same manner it renders impossible the @ac¥é g1~2-<< 
first step in putrefactive decomposition and fermentation. <All “4% torte 
| oft. z_amimal odours and emanations are most immediately and effectively Z Coen tH inher, 
_Zod destroyed by it. The foctid odour from the boiling solution of cochi-e~ hotly 7 
neal (for instance), which is so persistent in dye-houses, is most com-% ~-} Szdorw, 
7Z,_¢.pletely removed by the admission of sulphurous acid vapour, | 


tt (I. Graham). wy gta B7 Vie lf ectaa€ a~ 4 ee wei LXlls Vhee%h, 


| wat flr: % The compounds of nitrogen with oxygen are the following :— kA HES op tebe, 


- Xe.-2«sProtoxide of nitrogen or nitrous oxide . , no 7£ oe 4 
Binoxide of nitrogen or nitric oxide : : N opr VAs 

Nitrous acid : ; : ; é ‘ rs 

Peroxide of nitrogen (hyponitric acid of Thenard) . : NO, 

. Nitric acid : ac hhy : : : NO, 
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PROTOXIDE OF NITROGEN. Le 4s 


Syn. PROTOXIDE OF AZOTE, NITROUS OXIDE; Hg. 22 or 275 ; NO; d a 
density 1520°4; || |. | 
This gas was discovered by Dr. Priestley about 1776, and studie | : wih 
by Davy, whose “‘ Researches, Chemical and Philosophical,” pub- — : 
me lished in 1809, contain an elaborate investigation of its properties * 
oe and composition. Davy first observed the stimulating power of | 
as nitrous oxide when taken into the lungs, a property which has since a. 
attracted a considerable degree of popular attention to this gas. — Nov AL Wb 5 
Preparation.—Protoxide of nitrogen is always prepared from th : 
nitrate of ammonia. Some attention must be paid to the purity of 
that salt, which should contain no hydrochlorate of ammonia. It is 
formed by adding pounded carbonate of ammonia to pure nitric acid, 


* Phil. Mag. 2d Series, vol. x. p. 363, and vol. xi. pp. 22, 207 (1832). 
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which, if concentrated, may be previously diluted with half its bulk 
of water, so long as there is effervescence; and a small excess of 


the carbonate may be left at the end in the : uor. ‘The solution 


should be filtered, and concentrated till its g point begins to 
rise above 250°, and a drop of it becomes soli a cool glass plate. 
On cooling, it forms a solid cake, which may be broken into frag- 
ments. To obtain nitrous oxide, a quantity of this salt, which should 
never be less than 6 or 8 ounces, is introduced imto a retort, or 
a globular flask, called a bolt- 
head a, and heated by a char- 
coal choffer 6, the diffused 
heat of which is more suitable 
than the heat of a lamp. 
Paper may be pasted over the 
cork of the bolt-head to keep 
it air-tight. At a temperature 
not under 340° the salt boils 
and begins to undergo decom- 
position, being resolved into 
nitrous oxide and water. As 
heat is evolved in this decomposition, which is a kind of combustion 
or deflagration, the choffer must be withdrawn to such a distance 
from the flask as to sustain only a moderate ebullition. If the tem- 
perature is allowed to rise too high, the ebullition becomes tumul- 
tuous, and the flask is filled with white fumes, which have an irri- 
tating odour; and the gas which then comes off is little more than 
nitrogen. Nea oxide should be collected in a gasometer or in a 
fo prekow gas-holder filled with water of a temperature about 90°, as cold water 
ae. Cathet tube § absorbs much of this gas. The whole salt undergoes the same de- 
Gantt vw beet, Pom positon, and nothing whatever is left im the retort.* hry wirek, pov 
4 Llp Auedc tel, Nitrous oxide is likewise produced when the salt called nitro- 


Fic. 108. 


~ prt | sulphate of ammonia is thrown into an acid; and also when zinc and 
) v/ hace wl afi, tin are dissolved in dilute nitric acid, but the latter processes do not 
Bi cy afford the gas in a state of purity. 


The nature of the decomposition of the nitrate of ammonia will be 
best explained by the following diagram, in which an equivalent. of 
the salts, or 80 parts, is supposed to be used. It will be observed 
that. the three equivalents of hydrogen in the ammonia’ are burned, 


* For the preparation and widpeaties of this and other gases, the Elements of Che- 
mistry (1829) of the late Dr. Henry may still be consulted with advantage. 
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or combine with three equivalents of the oxygen of the nitric acid, 
and form water, while the two equivalents of nitrogen in the ammonia 
and nitric acid combine with the two remaining equivalents of the 
oxygen of the latter :-— 


Before decomposition. After ed dnlae pene 
Oxygen —- Q ~rstteeses-s522 Nitrous oxide. 
Oxveen 8 aa eee cabo 5-22 Nitrous oxide. 
Bile : Oxygen 8 8 
54 Nitric acid. Oxygen 8 4 or 
Oxygen 8 SAM 
, Nitrogen 14“ 
80 Nitrate of ammonia. 17 A . Nitrogen 14 er 
ad cr Hydrogen 1 9 Water. 
( Hydrogen i 9 Water. 
Hydrogen 1 9 Water. 
= 9 Water. Water 9 9 Water. 
80 80 80 


"Ori in symbols :— 
NH;, HO+NO,;=2NO and 4HO. 


From the diagram it appears that 80 grains of the salt yield 44 
grains of nitrous oxide and 35 grains of water. One grain of salt 
yields rather more than one cubic inch of gas. 

Properties.—Nitrous oxide possesses the usual mechanical pro- 
perties of gases, and has a faint agreeable smell. It has been liquefied 
by evolving it from the decomposition of the nitrate of ammonia in a 
sealed tube, and possesse@Jin the liquid state an elastic force of above 
50 atmospheres at 45°. The gas is formed by the union of a com- 
bining measure, or 2 volumes of nitrogen, with a combining measure, 
or 1 volume of oxygen, which are condensed into 2 volumes, the 
combining measure of this gas. The weight of a single volume, or 
the density of the gas, is therefore by calculation— 

9714+ 971°4 pTHOPS —1524.2 


Cold water agitated with this gas dissolves about three-fourths of. its 
volume of the gas, and acquires a sweetish taste, but, I believe, no Yr yy yk 
stimulating properties. Bodies which burn in air, burn with in- ““/ —— 
creased brilliancy in this gas, if introduced in a state of ignition. A batleg - 
newly blown out taper with a red wick may be rekindled in it, as in 
oxygen. Mixed with an equal bulk of hydrogen, and ignited by 
flame and the electric spark, it detonates violently. In all these cases 
of combustion, the nitrous oxide is decomposed, its oxygen uniting 

with the combustible and its nitrogen being set free. When trans- 
mitted through a red-hot porcelain tube, nitrous oxide is likewise 
decomposed and resolved into Sayers nitrogen, and the peroxide of 
nitrogen. 
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Nitrous oxide was supposed by Davy to. combine with alkalies, 
j when generated in contact with them, but these compounds have 
i since been found to contain nitrosulphuric acid. | | | 
: This gas may be respired for two or three minutes without incon- 
venience, and when the gas is unmixed with air, and the lungs have 
been well emptied of air before respiring, it induces an agreeable 
state of reverie or intoxication, often accompanied with considerable 
excitement, which lasts for a minute or two, and disappears without 
any unpleasant consequences. ‘The gas from an ounce and a half or 
| two ounces of nitrate of ammonia is sufficient for a dose, and it 
i should be respired from a bag of the size of a large ox-bladder, and 
: provided with a wooden tube of an inch internal diameter. The 
i volume of the gas diminishes rapidly during the inspiration, and 
| finally only a few cubic inches remain, An animal entirely confined 
in this gas soon dies from the prolonged effects of the intoxication. 


BINOXIDE OF NITROGEN. 


Syn. BINOXIDE, OR DEUTOXIDE OF AZOTE, NITRIC ein nee 
JY] Eg. 88 or 875; NO,; density 10388; 


This gas, which comes off during the action of nitric acid upon 
| most metals, appears to have been collected by Dr. Hales, the father 
of pneumatic chemistry, but its properties were first minutely studied 
by Dr. Priestley. 

Preparation.—Binoxide of nitrogen is easily procured by the 
action of nitric acid diluted to the specific gravity 1.2, upon sheet 
copper clipped into small pieces. As no heat is required, this gas 
) 


may be evolved like hydrogen from a gas bottle (page 307). Mer- 
cury may be substituted for copper, but it is then necessary to apply = 


a gentle heat to the materials. This ae be collected and retained » eee ey 
: over water without loss. : | ae. e 
| Tn dissolving in nitric acid, the copper takes oxygen from. UNG Salas 
| portion of acid and becomes oxide of copper, which combines with © ees 
: another portion of acid, and forms the nitrate of copper, the solution ‘ Sos 
1 of which is of a blue colour. The portion of nitric acid which i is. def d 

; | composed losing three equivalents of oxygen and retaining two 


appears as nitric oxide gas. ‘This is more clearly shown in the tole 
lowing diagram :— - | 
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ACTION OF NITRIC ACID UPON COPPER. 


Before decomposition. After decomposition. 
Nitrogen . 14 “30 Binoxideofnitrogen. 
Oxyetien 7.5" Bex 


54 Nitricacid {Oxygen - 8 
Oxygen . 8, 
Oxygem) 14 ose 
| Oxgecth oabeet 
32 Copper . Copper . 82 


54 Nitricacid Nitric acid. 54 94 Nitrate of copper. 
82 Copper . Copper . 82 
54 Nitricacid Nitric acid. 54 94 Nitrate of copper. 
32 Copper . Copper . 82 
54 Nitricacid Nitric acid. 54 94 Nitrate of copper. 


312 © 312 312 


Or in symbols :— 
4NO; and 8Cu=3(Cu O, NO,) and NO,. 


Properties.—This gas is colourless, but when mixed with air it 
produces ruddy fumes of the peroxide of ni‘rogen. It is irritating, 
and causes the glottis to contract spasmodically when an attempt is 
made to respire it. Nitric oxide has never been liquefied: water at 
60°, according to Dr. Henry, takes up only 5 or 6 per cent. of this 
gas. It is formed of one combining measure of nitrogen or 2 
volumes, and two combining measures of oxygen or 2 volumes, 
united without condensation, so that the combining measure of nitric 
oxide contains 4 volumes. The weight of one volume, or the density 
of the gas, is therefore _ 
971.4+ 971.4 ee 35m 
This gas is not decomposed by a low red heat. re 
‘Many combustibles do not burn in nitric oxide, although it con-,, Aran 
- tains half its volume of oxygen. A lighted candle’ and burning” Zaz, 
ee . Sutphuf are extinguished by it; mixed with hydrogen, it is not ex- 
ploded by the electric spark or by flame, but it imparts a green colour 
Fi i the flame of hydrogen burning in air. Phosphorus and charcoal, 
re wever, introduced in a state of ignition into this gas, continue to 
burn with increased vehemence. The state 2 combination of the 
‘oxygen in this gas appears to prevent that. a from uniting 
with combustibles, unless, like the two last mentioned, they evolve 


é 
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so much heat as to decompose the nitric oxide. Several of the 
more oxidable metals, such as iron, withdraw “the half of the oxygen 
from this gas, when left in contact with it, and convert it into nitrous 
oxide. 
~ No property of nitric oxide is more remarkable than its attraction 
for oxygen, and it may be employed to separate this from all other | 
gases, Nitric oxide indicates the presence of free oxygen in a 
gaseous mixture, by the appearance of fumes which are pale and 
yellow with a small, and reddish brown and’ dense with a large ae 
portion of the: latter gas ; and also by a subsequent contraction o os 
the gasgous | volume, arising from the absorption of these fumes “ 
water,” “Added #h sufficient quantity, nitric oxide will thus withdraw yn. 
oxygen most completely from any mixture. But notwithstanding 
this property, nitric oxide cannot be employed with advantage in the 
analysis of air or similar mixtures, for the contraction which it occa- 
sions does not afford certain data for determining the proportion of 
oxygen which has disappeared. Nitric oxide 1 1S ante of combining 
with different proportions of oxygen, a combining measure or 4 
volumes of the gas uniting, in such experiments, with 1, 2 or 3 
volumes of oxygen, and forming nitrous acid, peroxide of nitrogen or 
nitric acid, or several of these compounds at the same time. 

This oxide of nitrogen, like the preceding, is a neutral body, and 
has a very limited range of affinity. A substance is left ow igniting 
: the nitrate of potash or baryta, which was supposed to be a com- 
: pound of /nitric oxide with potassium, or barium, but Mitscherlich 
| finds it to be either the caustic protoxide itself or the peroxide of the 
metal. But nitric oxide is absorbed by a solution of the sulphate of 

iron, which it causes to become black; the greater part of the gas 

a $n may be expelled again by boiling the solution. All the soluble proto- 


| salts of iron have the same property, and the nitric oxide remains 
: rirmecel pl ‘attached to the oxide of iron when precipitated in the insoluble salts . 
: of that metal. The proportion of nitric oxide in these combinations 

: is found by Peligot to be definite; one eq. ofthe nitric oxide to four ery 
efthe protoxide of iron ; or, the nitric oxide contains the proportion ee ean 


ft 


of oxygen required to Ediner? the protoxide into sesquioxide of iron.* 
Nitric oxide is also absorbed by nitric acid. With sulphurous acid 


nitric oxide forms a com pound which will be more particularly noticed 
under that acid. 


* Annales de Chim. et de Phys. t. liv. p. 17. 
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NITROUS ACID. 


Syn, azorous aciy (Thenard). Eq. 38 or 475; NOg. 


The direct mode of forming this compound is by mixing 4 
volumes of binoxide of nitrogen with 1 volume of oxygen, both per- 
fectly dry, and exposing the mixture to a great degree of cold. The 
gases unite, and condense into a liquid of a green colour, which is 
very volatile, and forms a deep reddish yellow coloured vapour. 
Nitrous acid prepared in this way is decomposed at once when 
thrown into water; an effervescence occurring, from the escape of 
nitric oxide, and nitric acid being produced, which gives stability to a 
portion of the nitrous acid. Nitrous acid cannot be made to unite 
directly with alkalies and earths, probably owing to the action of 
water first described. But when oxygen gas is mixed with a large 
excess of nitric oxide, in contact with a solution of caustic potash, 
the gases were found by Gay-Lussac always to disappear in the pro- 
portions of nitrous acid, which was produced and entered into com- 
bination with the potash, forming a m7trite of potash. Similar 
nitrites may also be produced by calcining the nitrate of soda till the 
fused salt becomes alkaline; or by boiling the nitrate of lead with 
metallic lead. The nitrite of soda may be dissolved and filtered, and 
the solution precipitated by nitrate of silver; a process which gives 
the nitrite of silver, a salt possessing a sparing degree of solubility, 
like that of cream of tartar, but which may be purified by solution 
and crystallization, and then affords ready means of obtaining the 
other nitrites by double decomposition (Mitscherlich). Nitrous acid 
is liberated from the nitrites by acetic acid. When free sulphuric 
acid is added to a solution of nitrite of silver, the disengaged nitrous 
acid is immediately resolved into nitric acid and nitric oxide. The 
subnitrite of lead, on the other hand, may be decomposed by the bi- 
sulphate of potash or soda to obtain a neutral nitrite of one of these 
bases (Berzelius). The nitrites of potash and soda are soluble in 
alcohol, while tlre nitrates are not so. 

- Nitrous acid is also capable of combining with several acids, in 
particular with iodic, nitric, and’ sulphuric acids. Its combination 
with the last is obtained by sealing up together liquid sulphurous 
acid and peroxide of nitrogen (NO,) in a glass tube. the course 
of a few days the tube may be opened : the substances ate combined, 


p 
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and form a solid mass, which may be heated up to (200° C.) its 


elf « _point_of fusion. At a higher temperature it distils without altera- 


tion. In this experiment, sulphurous acid acquires an equivalent of 
oxygen, and. becomes sulphurie acid, while peroxide of nitrogen loses 


an equivalent of oxygen, and becomes nitrous acid, but one half ~ 


only of the latter acid formed unites with sulphuric acid, the compo- 
sition of the body formed being NO,+2SO,. The reaction is 
expressed as follows : --- 

280, and 2NO,=NO,+2SO, and NO, 
This,compound i is soluble in strong oil of er without decompo- 
sition; but from sulphuric acid somewhat diluted it takes water, 
and forms a crystalline substance, which often ap eargin the manu- 
facture of sulphuric acid, ‘as we shall secant ee The original 
solid compound is decomposed by pure Pee or highly diluted 
sulphuric acid, and the sulphuric and nitrous acids become free. 
The tendency of nitrous acid to combine with other acids has already 
been noticed, as assimilating this compound of nitrogen to arsenious 
acid and we oxide of ey (page 172). 


PEROXIDE OF NITROGEN. 


Syn. HYPONITRIC ACID, NITROUS GAS (Berzelius). Eq. 46 or 575; 
NO,; theoretical density, 1591 3; mee . 
| 
This compound forms the principal part of the ruddy fumes which 
_always appear on mixing nitric oxide with air. As it cannot be 
made to unite either directly or indirectly with bases, and has no acid 
properties, any designation for this oxide of nitrogen which implies 
acidity should be avoided, and the name nitrous acid in particular, 


_ which is applied on the continent to the preceding compound. The ~ 


name peroxide of nitrogen is more In accordance ee the pass gene- 
rally followed in naming such compounds. 
Preparation.—When 4 volumes of nitric oxide and 2 of oxygen, 

both perfectly dry, are mixed, this compound is alone produced, and 
_ the six volumes of mixed gases are condensed into 4 volumes, which 
may be considered’ the combining measure of peroxide of nitrogen. 
‘The weight of 1 volume, or the density of this gas, must therefore be 

. 1088.5 x 4 — x 2=1591.3. 


ban ae # 
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The peroxide of nitrogen is also contained in the coloured and 
fuming nitric acid of commerce, and may be obtained in the liquid 
condition by gently warming that acid, and condensing the vapour 
which comes over, by transmitting it through a glass tube surrounded 
by ice and salt. But it is prepared with most advantage from the 
nitrate of lead, the crystals of which, after being pounded and 
well dried, to deprive the salt of hygrometric water, are distilled | 
in a retort of hard glass, or porcelain, at a red heat, and the 
red vapours condensed in a receiver kept very cold by a freezing 
mixture. Oxygen gas escapes during the whole process, the nitric 
acid of the nitrate, of lead being resolved into oxygen and peroxide 
of nitrogen; or NO;=NO, and O. As obtained by the last pro- 
cess, which was proposed by Dulong, peroxide of nitrogen is a 
highly volatile liquid, boiling at 82°, of a red colour at the usual 
temperature, orange yellow at a lower temperature, and nearly colour- 
less below zero, of density 1:451, and a white solid mass at —40°. 
It is exceedingly corrosive, and, like nitric acid, stains the skin 
yellow. ‘The red colour of its vapour becomes paler at a low tem- 
perature, but with heat increases greatly in intensity, so as to appear 
quite opaque when in a considerable body at a high temperature. It 
is the vapour which Brewster observed to produce so many dark 
limes in the spectrum of a ray of light which passes through it 
(page 106). The peroxide is not decomposed by a low red heat, 
and appears .to be the most stable of the oxides of nitrogen. No 
compound of it is known, unless peroxide of nitrogen be the radical, 
as some suppose, of nitric acid. But Berzelius is inclined to consider 
this oxide as itself a compound of nitric and nitrous acids, for 


NO,+NO,=2NO,*. 4 ets te On bt Kes 


The liquid peroxide of nitrogen is partially Pai thas at ; oe 
nitric oxide coming off with effervescence, and more and more nitric “~~ *°™ 
acid being produced, in proportion to the quantity of water added; “«* 
but a portion of the peroxide always escapes this action, being pro- Oe. 
tected by the nitric acid formed. In the progress of this dilution 
the liquid undergoes several changes of colour, passing from red to 
yellow, from that to- green, then to blue, and becoming at last 
-colourless. The peroxide of nitrogen is readily decomposed by the 
more oxidable metals, and is a powerful oxidizing agent. 


* Traité de Chimie, par J. J. Berzelius, traduite par MM. Esslinger et Hoeffer, 
‘Didot, Paris, 1845. An excellent edition of this most valuable system of chemistry. 
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NITRIC ACID. 


Sein Aan Sy 


Syn. azorie acip (Thenard). Hg. 54 or 675; NO,; does not 


exist except in combination. 
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A _ knowledge of this highly important acid ee descended from the 
earliest ages of chemistry, but its composition was first ascertained 
by Cavendish, in 1785. He succeeded in forming nitric acid from | 
its elements, by transmitting a succession. of eres sparks during 
several days through a small quantity of air, or through a mixture of 
1 volume of nitrogen and 24 volumes of oxygen, confined in a small 
tube over water, or over solution of potash; in the last case, the 
absorption of the gases was complete, and nitrate of potash was 
chet A trace of this acid in combination with ammonia has 
been : in the rain of thunder-storms, produced probably in 
a the same manner. It was also observed by Gay-Lussac to be the 
a sole product when nitric oxide is added, in a gradual manner, to 
S| oxygen in excess over water; the gases then unite, and disappear in 
| the proportion of 4 volumes of the former to 8 of the latter. It is 
aq also a constituent of the salt, nitre or saltpetre, found in the soil of 
4 India and Spain, which is a nitrate of potash, and also of nitrate of 
4 er which occurs in large quantiacs in South A eee i ise Cou joke q 
‘ Wh. auth Jr reparation.—This en el an ‘insu. tate, but 1s 
4 | always in combination with water, as in atjua fortis or the hydrate of 
1 or te Muinie acid, or with a fixed base, as in the ordinary nitrates. The 

fg SS zg, hydrate, (which is popularly termed nitric acid,) is elimmated from 
ise: VEC 2.xpitrate of potash by means of oil of vitriol, which is itself a hydrate 

of ‘sulphuric acid. That acid unites with potash, in this decomposi- _ 
4 tion, and forms sulphate of potash, displacing nitric acid, which last 
| i Vries brings off in combination with itself the y ontte Abe oil of vitriol. 
4 There is a great advantage, first pointed ou r.RPhillips, in 
Coe eek ;using two equivalents of oil of vitriol to one of nitrate of potash, 
4 Go éewhich is 97 of the former to 100 of the latter, or nearly equal 
aus: # % weights. The acid and salt, in these proportions, are introduced into 
q a capacious plain retort, provided with a flask as a receiver. Upon 
1 4 ee aia the application of heat, a little of the nitric acid first evolved under- 
Ate Me goes decomposition, and red fumes appear, but soon the vapours 
 hancTptrog “7 become nearly colourless, and are easily condensed in the receiver. 
te OR are « During the whole distillation, the temperature need not exceed 260°. 
a wee: The mass remains pasty till all the nitric acid is disengaged, and then 


' 
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enters into fusion; red vapours again appearing towards the end of 
the process. The residuary salt is the bisulphate of potash, or 
double sulphate of water and potash, HO. SO, + KO. SO,. The ra- 


tionale of this important process is“ exhibited in the following 
diagram :— 


PROCESS FOR NITRIC ACID. Bre 
ee 
_ Before decomposition. aoe After decomposition. 
Nitricacid . 54 1. __., 63 Nitric acid and water. 
- 101 Nitrate of potash. 24 
Potash . . 47 wn 
: Water . 4 a ee 
49 Oil of vitriol. 1 e 
q Pra Sulphuric acid 40 87 Sulphate of potash ) bisul. of 
49 Oil of vitriol. Oil of vitriol . 49 49 Sulphate of water. J potash. 
199 199 199 


In this operation twice as much sulphuric acid is employed as is 
required to neutralize the potash of the nitre, by which means the 
whole nitric acid is eliminated without loss at a moderate tempera- 
ture, and a residuary salt is left which is easily removed from the 
retort. 

With half the preceding quantity, or a single equivalent of oil of 
vitriol, the materials in the retort are apt to undergo a vesictlar 
swelling, upon the application of heat, and to pass into the receiver. 
Abundance of ruddy fumes are also evolved, that are not easily 
condensed, and prove that. the nitric acid is decomposed. The tem- 
perature in this process must also be raised inconveniently high to- 
wards the end of the operation, in order to decompose the whole 
nitre. The peculiarities of the decomposition here arise from the 
formation of bisulphate of potash in the operatiou, the whole sul- 
phuric.acid uniting in the first instance with half the potash of 
the nitre. Now, itis only at an elevated temperature that the 
acid salt thus formed can decompose the remaining nitre ;—a tem- 
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Ordinary nitric acid for manufacturing purposes is generally pre- 2 
pared by distilling nitrate of soda with an equivalent of sulphuric 
acid not at.its highest degree of concentration in a large cylinder of 
cast iron ¢ (fig. 109, page 847), supported in brickwork over a fire. 
Both ends of the cylinder are moveable, and generally consist of 
circular discs of stone. ‘The nitric acid which distils over is con- 
densed in a series of large vessels of salt-glaze ware, of the form of 
Woulf bottles, of which one, ’, is shewn in the figur Ai 

The iron niece are generally 80 supported that two of them 
are heated by one fire, as in fig. 110, which is a sectional view of 
three pairs of such. retort 
cylinders. The iron of 
the vault or roof of ts 
cylinder is most apt to be 
corroded by the acid va- 
pours, and is therefore 
TE by a coating of 


Fie. 110. 
PEN 


ty ty 
Gy, 
WY 


to Y 
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same material cemented E272” =” LE 
together. 


Properties.—The acid prepared by the first process is colourless, 
or has only a straw yellow tint. If the oil of vitriol has been, in 
its most concentrated condition, which is seldom the case, the o 
nitric acid is in its state of highest concentration also, and contaitis . 
no more than a single equivalent of water. The density of this 
acid is 1.522 at 58°; but a slight heat. senna little peroxide / $2 } | 
of nitrogen from it, a its density becomes 1. (Mitscherlich). - 1 
The density of the strongest colourless nitric acid which Mr. Arthur 
Smith could prepare was 1.517 at 60°; it boiled at 184°, and 
came within 1 per cent. of the protohydrate in composition, (Chem. 
Mem. iii, 402). When distilled, it is partially decomposed by the 4g 
heat, and affords a product of a strong yellow colour. Its vapour | 
transmitted through a porcelain tube, heated to dull redness, is 
decomposed in a great measure into oxygen and peroxide of nitro- 
gen; and into oxygen and nitrogen gases, when the tube is heated 
to whiteness. The colourless liquid acid becomes yellow, when 
exposed to the rays of the sun, and on loosening the stopper of 
the bottle it is sometimes projected with force, from the state of 
compression of the disengaged oxygen. Hence to preserve this 
acid colourless it must be kept in a covered bottle. It congeals at 4 
about —40°, but diluted with half its weight of water, it becomes 


Pere ee 


NITRIC ACID. 349 


solid at 14°, and with a little more water its freezing point is again 
lowered to —4:5° Exposed to the air, the concentrated acid fumes, 
from the condensation by its vapour of the moisture in the atmos- 
phere. It also attracts moisture from damp air, and increases in 
weight; and when suddenly mixed with 3-4ths of its weight of 
water, may rise in temperature from 60° to 140°. 

Nitric acid has a great affinity for water, and diminishes in den- 
sity with the proportion of water added to it. A table has been 
constructed in which the per centage of absolute acid is expressed 
in mixtures of various densities, which is useful for reference and 
will be given in an appendix. There appears to be no definite hy- 
drate of this acid hetween the first (the nitrate of water), and that 
containing 3 eq. of water additional (A. Smith). The first has no 
action upon tin or iron. The second is acid of density 1.424, which 
therefore contains 4 eq. of water. This last hydrate was found by 
Dr. Dalton to have the highest boiling point of any hydrate of nitric 
acid : it is 250°, and both weaker and stronger acids are brought to | 
this strength by continued ebullition, the former losing water and bY 
the latter acid. The density of the vapour of this hydrate is found : 
to be 1243 by A. Bineau, and it contains 2 volumes of nitrogen, 
5 volumes of oxygen, and 8 volumes of steam condensed into 10 | 
volumes, which are therefore the combining measure of this vapour.* | 

Nitric acid is exceedingly corrosive, and one of the strongest acids, iu : 
yielding only in that respect to sulphuric acid. The facility with Lew le oe 4 
which it parts with its oxygen renders it very proper for oxidating yes. 
bodies in the humid way, a purpose for which it is constantly em : 
ployed. Nearly all the metals are oxidized by means of it; some of | 4 


them with extreme violence, such as copper, mercury, and zine, when ‘'*“*- |, Acted, 
the concentrated acid is used; and tin and iron by the acid very pape, 2 
slightly diluted. Poured upon red hot charcoal, it causes a brilliant * OS oe ee 


combustion. When mixed with a fourth of its bulk of sulphuric a 
; ; : : : : Vo 
acid, and thrown upon a few drops of oil of turpentine, it occasions 
an explosive combustion of the oil. Sulphur digested in nitric acid 
at the boiling point is raised to its highest degree of oxidation and 
becomes sulphuric acid; iodine is also converted by it into iodic 
acid. Most vegetable and animal substances are converted by nitric 
acid into oxalic and carbonic acids. It stains the cuticle and nails 
of a yellow colour, and has the same effect upon wool ; the orange 
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* Annales de Chim. et de Phys. Ixviii. p. 418. 
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patterns upon woollen table covers are produced by means of it. In 
the undiluted state it forms a powerful cautery. j 

In acting upon the Jess oxidable metals, such as copper and mer- 
cury, nitric acid is itself decomposed, and nitric oxide gas produced, 
which comes off with effervescence. Palladium and silver, when they 
are dissolved by the acid in the cold, produce nitrous acid in the 
liquor and evolve no gas, but this is very unusual in the solution of 
metals by nitric acid. Those metals, such as zinc, which are dis- 
solved in diluted acids with the evolution of hydrogen, act im two 
ways upon nitric acid ; sometimes they decompose it, so as to disen- 
gage a mixture of peroxide of nitrogen and nitric oxide, and at 
other times they decompose both water and nitric acid at once, in 
such proportions that the hydrogen of the water combines with the 
nitrogen of the acid to form ammonia, which last. combines. with 
another portion of acid, andis retained in the liquor as nitrate of 
ammonia. The protoxide of nitrogen is also evolved when zinc is 
dissolved in very feeble nitric acid, which may arise from the action 
of hydrogen upon nitric oxide. Nitric acid, in its highest. state of 
concentration, exerts no violent action upon certain organic sub- 


y stances, such as lignin or woody” fibre and starch, fora short time, 


but unites with them and forms singular compounds. A proper acid 
for such experiments is procured with most certainty by distilling 
100 parts of nitre, with no more than 60 parts of the strongest oil 
of vitriol. If paper is soaked for one minute in such an acid, and 
afterwards washed with water, it is found to shrivel up a little and 
become nearly as tough as parchment, and when dried to be remark- 
ably inflammable, catching fire at so low a temperature as 356°, and 


undiluted nitric acid of commerce be mixed with an equal weight of 
oil of vitriol, and cotton wool be immersed in the mixture for a. 
minute or two and afterwards washed with water, it is converted 
into gun-cotton, without injury to the cotton fibre (Schénbein). — 


Vigo Jé fart Nitric acid forms an important class of salts, the nitrates, which 


- occasion deflagration when fused with a combustible at a high tem- 


perature, from the oxygen in their acid, and are remarkable as a. 
class for their general solubility, icant being insoluble in water. 
The nitrate of the black oxide of mercury is perhaps the least solu- 
ble of these salts. The nitrates of potash, soda, ammonia, baryta, 
and strontia, are anhydrous ; but the nitrates of the extensive mag- 
nesian class of oxides all contain water in a state of intimate com- 


NITRIC ACID. 351 
2 


bination, and have a formula analogous to that of hydrated nitric 

acid, or the nitrate of water itself. Of the four atoms of water con- 

tained in hydrated nitric acid of sp. gr. 1.42, one is combined with 
the acid as base, and may be named basic water, while the other ‘ 
three are in combination with the nitrate of water, and may be : 
termed the constitutional water of that salt. The same three atoms 

of constitutional water are found in all the magnesian nitrates, with 

the addition often of another three atoms of water, as appears from 

the following formule :— 


Nitric acid, 1.42. : ; . HO.NO,+3HO 
Prismatic nitrate of copper. . . Cu0O.NO; + 83HO 

_ Rhomboidal nitrate of copper. . Cu0.NO; +38HO+ 3HO : 
Nitrate of ‘magnesia. . . MgO.NO,+3HO+8HO : 


4. MN Dhan, | 


: Ee (7 PBF Orme 
It is doubtful whether the proportion of constitutional water a‘ ie pene 
any of these nitrates can be reduced below 3 atoms by heat withou I 6 % 
the loss of a portion of nitric acid at the same time, and the partial 
decomposition of the’ salt. » The nitrates of the potash and magne- 
sian classes do not combine together, and no double nitrates are 
known, nor nitrates with excess of acid. The nitrates with excess 
of mefallic gxide, which-are called subyjtrates, appear to be formed 
on a aot the ranacse class : Hea ated of copper, being 
Cu0.NO,+8Cu0.3HO (Gerhardt), or nitrate of copper with 3 
, atoms hydrated oxide pal ore ae ris strongly retained, - 
Zand Cecteel Cash pila of 300° to eGR The nitrate of red 
oxide of mercury is HgO.NO,;+HgO (Kane.) 
Nitric acid in a solution cannot be detected by precipitating that 
acid in combination with any base, as the nitrates are all soluble, so | 2 
that tests. of another nature must be had recourse to, to ascertain - 
its presence. A highly diluted solution of sulphate of mdigo may Mact- ~ frit 
be boiled without change, but on adding to it at the boiling’ tem- 5 
perature a liquid containing free nitric acid, the blue colour of. the 


indigo is-soon destroyed. If it is a neutral nitrate which is tested, “< a7 
c 
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a little sulphuric acid should be added to the solution, to liberate oN 
the nitric acid, before mixing il with the sulphate of indigo. It is 
also necessary to guard against the presence of a trace of nitric acid 
in the sulphuric acid. Another test of the presence of nitric acid ° 
has been proposed by De Richemont. The liquid containing. beberle 
the nitrate is mixed with rather more than an equal bulk of oil of eee ial 
liber 0 Cruces Lut. Pheme, howrmad U8] + hye wih 7 
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vitriol, and when the mixture has become cool, a few drops of a 
strong solution of protosulphate of iron are added to it. Nitric 
oxide is evolved, and combines with the protosulphate of iron, pro- 
dug se~or purple tant even when th ntity of nitric acid is 
OF ane fed Me ee De Mee the sa 1k Su 00D'aE valerie been 
| m this manner. Free nitric acid also is incapable of dis- 
solving gold-leaf, although heated upon it, but acquires that property 
when a drop of hydrochloric acid is added to it. But in testing the 
presence of this acid, it is always advisable to neutralize a portion of 
the liquor with potash, and to evaporate so as to obtain the thin 
prismatic crystals of nitre, which may be recognised py fheir form, | 
by their cooling nitrous taste, their power to deflagrate, combustibles 
at_a red heat, and by the characteristic action of the acid they con- 
tain, when liberated by sulphuric acid, upon copper and other metals, 
i in which ruddy nitrous fumes are produced. | 
i If nitric acid be rigidly pure, it may be diluted with distille 
$2 <€ CC - water, and is not disturbed by nitrate of silver, nor by chloride of 
barium, the first of which discovers the presence of hydrochloric acid by 
it 4A My _ producing a white precipitate of chloride of silver; the last discovers 
ge ages sulphuric acid by forming the white soluble sulphate of baryta. 
ih be ae YP fuming nitric acid may be freed from hydrochloric acid, by 
| Tat retaining it warm on a sand-bath for a day or two, when the chlorine 
| /2. 3% of the hydrochloric acid goes off as gas. To free it from sulphuric, 
42>, +5. It should be diluted with a little water, and distilled from n‘trate of 
4% Nov. I baryta; but the process for nitric acid which has been described 
/$$1 gives it without a trace of sulphuric acid, when carefully conducted. 
Uses.—Nitric acid is sometimes used in the fumigations required 
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ag for contagious diseases, particularly in wards of hospitals from which 
; the patients are not removed, the fumes of this acid being greatly 
less irritating than those of chlorine. For the purpose of fumigation, — 
pounded nitre and concentrated sulphuric acid are used, being heated 
together in a cup. Nitric acid is par excellence the solvent of 
metals, and has other most numerous and varied applications not 
only in chemistry, but likewise in the arts and manufactures. = 
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Unpsr this title it 1s the intention of ‘the Publisher to issue, at 
regular intervals, a:SHRIZS-OF WORKS of merit in the various branches 


of Science. — 


This series will be‘handsomely printed ,on fine paper (as specimen) 
in 8vo. form, and illustrated with numerous Wood Engrayings. The 
‘Publisher flatters himself that nothing will be wanted on his part to 
make this collection of Scientific Works worthy of the support of the 
_ Public. 

The First Volume, now ready, is Professor J. Muller’s “ Physics and 
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Vol. I. Comprising nearly 550 pages of letter-press illustrated with upwards of 
500 Wood Engravings. 8vo. 
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Works on the following subjects, to be comprised in this Series, are in course of 


preparation. Namely, Astronomy, Heat, Hypravuxics, MreTALLuRGY, PATHOLOGICAL 
Anatomy, PHARMACY and Rurat Economy. 
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THE MAMMALIA. 
BY G. R. WATERHOUSE, 


CORRESPONDING MEMBER OF THE PHILOMATIC SOCIETY OF PARIS; AND ASSISTANT IN THE DEPARTMENT OF 
MINERALOGY AND GEOLOGY OF THE BRITISH MUSEUM. 
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THe Natrurat History or MammMatta is intended to embrace an account of the 
Structure and Habits of all the known Species of.Quadrupeds, or Mammals; to which will 
be added, observations upon their Geographical Distribution and Classification. Since the 
Fossil and Recent Species illustrate each other, it is also intended to include notices of the 
leading Characters of the Extinct Species. 

The Genera, and many of the Species, will be illustrated with numerous Engravings on 
Steel, by H. S. Beckwira ; and Woodcuts, from original Designs by Winu1am Harvey: 
of the latter, between Fi ifteen and Sixteen Hundred Figures are already executed. The 
modifications observable in the Structure of the Skulls, Teeth, Feet, and other parts, will be 
entirely illustrated by Steel Engravings. 

For various reasons it has been thought desirable, in this work, to follow the course 
usually adopted by comparative anatomists ; namely, to commence with the lowest species, 
and to trace, through them to the highest, the various modifications of structure and functions. 
In the present case, one of the advantages arising from the mode of treating the subject is, 
that it will enable the Author to lay before the Public, at an early period, an account of 
some of the most interesting of modern discoveries amongst the Mammalian forms; and, in 
accordance with this plan, he has commenced with the Marsupial animals. 

The work is issued in Monthly Parts, each containing three sheets of Letterpress and 
engraved. Plates, besides Woodcuts, in royal 8vo. price:2s. 6d. plain; and 3s. coloured. 

The size of the work corresponds with, and will form a suitable companion to, 
PricHarp’s NaturaL History or MAN. 

Vol. I. Containing the order Marsupiata, or Bonehed Animals, with 22 Illustrations 
engraved on Steel and 18 Engravings on Wood, royal 8vo. elegantly bound in cloth, 
coloured Plates, 34s. 6d; plain, 29s. 

Vol. II. is now in course of Publication. . Parts 1 to 8 are out. 
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THE NATURAL HISTORY OF MAN, 


BY 


JAMES COWLES PRICHARD, M.D. F.R.S., 


has now attained a Second Edition, and contains 44 coloured and 5 plain 
Illustrations engraved on Steel, and 97 Woodcuts, in royal 8yo. price 


£1. 13s. 6d. elegantly bound in cloth. 
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Ir is the design of the above work to furnish, for the use of general 
readers, a brief and popular view of all the physical characteristics, 
or varieties in colour, figure, structure of body, and likewise of the 
moral and intellectual peculiarities which distinguish from each other 
the different races of men. | 7 

The nature and causes of these phenomena have also been explained, 
as far as the present state of knowledge allows; it was, therefore, 
necessary to describe all the different tribes of people scattered over the 
world, and to advert, however briefly, to their mutual relations, and to 
all that is known respecting their origin and descent, as discovered by 
historical and philological investigations. It was only possible to state, | 
in the compass of a single volume, and that in a manner rather 
summary than argumentative, results, in which inquiring persons can 
hardly be expected to acquiesce without the exhibition of unquestionable _ 
evidence. The author ventures to affirm, however, that he has. asserted 
nothing as certain, or ‘as highly probable, of which it: will not be 
found, when the present work is compared with his former extensive 
researches, that he has brought forward a proportionate measure of 


evidence. 
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